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Description 

The present invention re.a.es to a group of compounds which are adenosine analogues and which act 
selectively at adenosine receptors. woqodilatorv actions of adenosine were first 

siissr-rr^ srr-ssi: i~ „ - * ~ 

cardiovucow ofhctt of .donos.0. «t..o* , l~d MB ootiooo ol adonooino ta» also 

xanthines represents an important area of research. extracellular receptors 

analogues. Adenosine analogues resistant to metabolism or "^J^TaSSed by metabolic removal 
These are particularly valuable, since their 4^ J"*^ ZXi£2£Z£ at A-1 and A-2 
from the effector system. The adenosine ■™^ f < £**2T! DNsioiogcal response with respect to 
adenosine receptors, providing a simple » method of Prides another 

logical agents having specific physiological effects in animals. 
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The present invention relates to compounds having the following general formula I: 
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(I) 



wherein R, is hydrogen, phenyl or /9-0-ribofuranosyl; R 2 is hydrogen, lower alkyl of from 1 to 4 carbon 
atoms or lower alkoxy of from 1 to 4 carbon atoms; Y is -N = or -CH = ; Z is -N = or -CH = , with the proviso 

20 that Y and Z cannot be identical; n is an integer from 1 to 3; L is hydrogen or phenyl; and M is phenyl, 
except when L is phenyl, in which case M is hydrogen or lower aikyl of from 1 to 3 carbon atoms. 

The lower alkyl groups, as indicated above, contain 1 to 4 carbon atoms and this same definition 
applies to any use of the term below. Similarly, the lower alkoxy groups, as indicated above, contain 1 to 4 
carbon atoms and this definition applies to any use of the term below. Examples of such alkoxy groups are 

25 methoxy, ethoxy, propoxy and butoxy. 

In general, compounds according to the present invention are made by the following procedures. 
Compounds of the following structure: 
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wherein Ri is hydrogen, phenyl or £-£>-ribofuranosyl; R2 is hydrogen, lower alkyl of from 1 to 4 carbon 
atoms or lower alkoxy of from 1 to 4 carbon atoms; n is an integer from 1 to 3; Y is -N = or -CH = ; and Z is 
-N = or -CH = , with the proviso that Y and Z cannot be identical, can be made by reacting a compound of 
so the structure: 
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wherein Ri is hydrogen, phenyl or ^D-ribofuranosyl; is hydrogen or chlorine; Y is -N = or -CH-; and Z 
is -N = or -CH = . with the proviso that Y and Z cannot be identical, with a compound of the structure: 



ica 2 )n 



HO' 



H 2 N 



wherein n is an integer from 1 to 3, as described in further detail in the examples below. 
25 The resulting compound of the structure: 
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wherein R, is hydrogen, phenyl or /j-D-ribofuranosyl; fh is hydrogen or chlorine; Y is -N- or -CH- ; 2 ! is 
-N= or -CH = , with the proviso that Y and Z are not identical; and n is an integer from 1 to 3. can be further 
reacted with thionyl chloride, or a similar reagent, to produce a compound of the structure: 



50 



55 



EP 0 390 111 B1 




Rl 



wherein Ri is hydrogen, phenyl or /3-0-ribofuranosyl; Ffe is hydrogen or chlorine; Y is -N = or -CH = ; and Z 
is -N = or -CH = . with the proviso that Y and Z cannot be identical. 

Furthermore, a compound of the structure shown above wherein R2 is chlorine can be further reacted 
with a selected alcohol of from 1 to 4 carbon atoms, such as n-propanol, to form a compound of the 
structure: 




wherein R1 is hydrogen, phenyl or 0-0-ribofuranosyl; R3 is lower alkyl of from 1 to 4 carbon atoms; Y is. 
-N = or -CH = ; and Z is -N = or -CH = , with the proviso that Y and Z cannot be identical. 
Likewise, compounds of the general formula: 
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wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; Ffc is hydrogen, lower alkyl of from 1 to 4 carbon 
atoms or lower alkoxy of from 1 to 4 carbon atoms; R3 is lower alkyl of from 1 to 4 carbon atoms; Y is -N = 
or -CH = ; and Z is -N= or -CH = , with the proviso that Y and Z cannot be identical, can be made by 
reacting a compound of the structure: 



CI 



10 




15 



wherein R1 is hydrogen, phenyl or /3-0-ribofuranosyl; R 2 is hydrogen or chloride; Y is -N - or -CH = ; and Z 
is -N = or -CH = , with the proviso that Y and Z cannot be identical, with the desired enantiomer of 
norephedrine, as shown below: 



20 



25 




with the recognition that the two carbon atoms designated C exhibit chirality, to form a compound of the 
structure: 
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wherein R1 is hydrogen, phenyl or 0-D-ribofuranosyl; R2 is hydrogen or chlorine; Y is -N = or -CH = ; and Z 
is -N = or -CH = , with the proviso that Y and Z cannot be identical. The compound shown above can be 
further reacted with thionyl chloride or a similar agent to produce a compound of the structure: 
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wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; and R 2 is hydrogen or chloride; Y is -N = or -CH = ; 
and Z is -N = or -CH = , with the proviso that Y and Z cannot be identical. 

Furthermore, in a compound of the above structure wherein R2 is chloride, the compound can be 
further reacted with a selected n-alcohol of from 1 to 4 carbon atoms, such as n-propanol, to form a 
compound of the structure: 



wherein R1 is hydrogen, phenyl or yS-O-ribofuranosyl; and R3 is a lower alky I of from 1 to 4 carbon atoms. 

Stereoisomerism is possible with the present compounds and the chemical structure as presented 
above is considered as encompassing all of the possible stereoisomers and racemic mixtures of such 
stereoisomers. 

As examples of compounds of the present invention are the following: 

1 . (R)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H-imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidine 

2. (S)-2,7-dihydro-7-phenyl-2-(phenylme^ 

3. (Rh2,7-dihydrc>-7-phenyl-2-(phenylmethyl)-3H-imidazot1,2-c]pyrazolo[4,3-e]pyrirnidine 

4. (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl^ 

5. (S)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-3H-diimida20[1 ,2-c:4 , ,5 , -e]pyrimidine 

6. (R)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-3H-diimida20[1 f 2-c:4\5'-e]pyrirnidine 

7. (2R-trans)-2,7<iihydro-2-methyl-3,7^^ 

8. (2S-trans)-2,7-dihydro-2-ethyl-3,7Kiiph 

9. (R)-7,8-dihydro-8-(phenylmethyl)-1 H-diimidazo[1 ^-c^S'-eJpyrimidine 

10. (S)-7,8<Jihydro-8-(phenylm^ 

1 1 . (RJ^.S^Iihydro-S-phenyl^fphenylmethylJ-S-propoxy-SH-diimidazofl ^-c^.S'-eJpyrimidine 

1 2. (S)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo[1 ,2-c:4 , ,5 , -e]pyrimidine 

1 3. (S)-7,8<lihydro-3-()5-D-ribofurahosyI>-8-(phenylmemyl)-3H-diimida2o[1 ^-c^'.S'-eJpyrimidine 

1 4. (R)-7,8-dihydro-3-(/3-Z>rib0furanosyl)-8-(phenyImethyl)-3H<liimida2O[1 ^-c^'.S'-elpyrimidine 

1 5. (R)-2,7-dihydro-2-(phenylmethyl)-7-(/3-Z>ribofuranosyl)-3H-imidazo[1 .2-clpyrazolot4,3-e]pyrimidine 

1 6. (S)-2.7-dihydro-2-(phenyImethy \)-7-(&-D- ribofuranosyl)-3H-imidazo[1 ,2-cJpyrazolo[4,3-e]pyrimidine 

17. (Rh2,7Klihydro-7-(0-D-ribofuranosyl)-2-(pheny 
pyrimidine 

18. (S)-2.7-dihydro-7-(^D-ribofuranosyl)-2-(phe 
pyrimidine. 
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Therapeutic Utility Of Selective Adenosine Receptor Agents 

The table below shows in more detail the therapeutic utility of selective adenosine receptor agents in 
accordance with the present invention: 



Area 



Cardiovascular 

Cardiovascular 

Cardiovascular 

Cardiovascular 

Pulmonary 

Pulmonary 

Pulmonary 



Renal 

Central 

Central 

Central 

Central 

Central 

Central 

Central 



nervous 
nervous 
nervous 
nervous 
nervous 
nervous 
nervous 



system 
system 
system 
system 
system 
system 
system 



Central nervous system 



Effect 



cardiotonic 
control tachycardia 
increase coronary blood flow 
vasodilation 
bronchodilation 

mediation of autocoid release from 

mast cells, basophils 

stimulate respiration; treat paradoxical 

ventilatory response (infants) 

inhibit renin release 

aid in opiate withdrawal 

analgesic 

anticonvulsant 

antidepressant 

antipsychotic 

anxiolytic 

inhibition of self-mutilation behavior 
(Lesch-Nyhan syndrome) 
sedative 



Receptor Correlate 



A-1 antagonism 

A-1 agonism 

A-2 agonism 

A-2 (atypical) agonism 

A-1 antagonism 

novel adenosine receptor 

inter-action on cell surface 

Ado antagonism 

A-1 agonism 
Ado agonism 
A-1 agonism 
A-1 agonism 
A-1 agonism 
Ado agonism 
agonism 
Ado agonism 

A-2 agonism 



In the cardiovascular, pulmonary and renal system targets, designed compounds which are identified by 
receptor binding studies can be evaluated in functional in vivo tests which are directly indicative of the 
human physiological response. A good description of the pharmacology and functional significance of 
purine raptors is presented by M. Williams in Ann. Rev. Pharmacol. Toxicol., 27 31 1 08* jhrt- 
incorporated herein by reference. In a section entitled "Therapeutic Targeting of Adenosine Receptor 
Modulators" it is stated that "adenosine agonists may be effective as antihypertensive agents, in the 
treatment of opiate withdrawal, as modulators of immune competence and renin release, as antipsychotics 
and as hypnotics. Conversely, antagonists may be useful as central stimulants, inotropics, cardiotonics 
antistress agents, antiasthmatics, and in the treatment of respiratory disorders." The »«gaM Irt 
activities displayed by adenosine receptor agents underscores their great potential utility for therapy and 

Myosin? exerte^various biological effects via action on cell-surface receptors. These adenosine 
receptors are of two types: A-1 and A-2. The A-1 receptors are operationally defined as tho ^/^Pf r * * 
which several N6-substituted adenosine analogs such as R-phenylisopropyladenosine (R-PIA) and 
cycloadenosine (CHA) are more potent than 2-chloroadenosine and N-5'-ethylc^xamidoadenosine 
(NECA). At A-2 receptors the order of potency is instead NECA>2-chloroadenosine>R-PIA>CHA. 

As illustrated in the table above, adenosine receptors govern a variety of physiological ^^wns^The 
two major classes of adenosine receptors have already been defined. These are the A 1 adjnowe 
receptor, which is inhibitory of adenylate cyclase, and the A-2 adenosine receptor, Which is «^*°ry Xo 
adenylate cyclase. The A-1 receptor has a higher affinity for adenosine and adenosine analogs than the A-<> 
receptor. The physiological effects of adenosine and adenosine analogs are complicated by the fact that 
non-selective adenosine receptor agents first bind the rather ubiquitous low-affinity r A-2 receptors, then as 
the dose is increased, the high-affinity A-2 receptors are bound, and finally, at much higher doses Jha J 
high-affinity A-1 adenosine receptors are bound. (See J.W. Daly, et al.. Subclasses J 
nTceptorsin the Central Nervous System: Interaction with Caffeine and Related Methylxanthtnes, 
Cellular an d Molecular Neurobiology , 3(1). 69-80 (1983), incorporated herein by reference.) 

In general, the physiological effects of adenosine are mediated by either the stimulation or the inhiMon 

of adenylate cyclase. Activation of adenylate cyclase increases the intracellular concentration of eye ic AMP 
which, in general, is recognized as an intracellular second messenger. The effects of adenosine analogs can 
therefore "be measured by either the ability to increase or the ability to 

AMP in cultured cell lines. Two important cell lines in this regard are VA 13 (WI-38 VA 13 2RA), SV 40 
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transformed Wl 38 human fetal lung fibroblasts, which are known to carry the A-2 subtype of adenosine 
receptor, and fat cells, which are known to carry the A-1 subtype of adenosine receptor. (See R.F. Bruns, 
Adenosine Antagonism by Purines, Pteridines and Benzopteridines in Human Fibroblasts, Biochemical 
Pharmacology , 30, 325-33, (1981), incorporated herein by reference.) 

5 It is well known from in vitro studies that the carboxylic acid congener of 8-phenyl-1,3-dipropyl-xanthine 

(XCC) is adenosine receptor non-selective, with a Ki at the A-1 receptors in brain membranes of 58± 3nM 
and a Ki at the A-2 receptors of the brain slice assay of 34± 13nM. The amino congener of 8-phenyl-1,3- 
dipropyl-xanthine (XAC), on the other hand, has a 40-fold higher affinity for A-1 adenosine receptors, with a 
Ki of 1.2± 0.5nM, as compared with a Ki at the A-2 receptors of the brain slice assay of 49± 17nM. In 

10 addition, XAC is much more potent in antagonizing the effects of adenosine analogs on heart rate than on 
blood pressure. Since it is generally known that the adenosine analog-induced effects on the heart seem to 
be mediated via A-1 receptors and those on blood pressure via A-2 receptors, the selectivity of XAC under 
in vivo conditions suggests that adenosine receptor activity in vitro correlates with adenosine receptor 
activity in vivo and that specific physiological effects can be distinguished as a result of this selectivity. 

75 (See B.B. Fredholm, H.A. Jacobsen, B. Jonzon, K.L. Kirk, Y.O. Li, and J.W. Daly, Evidence That a Novel 
8- Phenyl- Substituted Xanthine Derivative is a Cardioselective Adenosine Receptor Antagonist In 
Vivo, Journal of Cardiovascular Pharmacology , 9, 396-400. (1987), incorporated herein by reference and 
also K.A. Jacobsen, K.L. Kirk, J.W. Daly, B. Jonzon, Y.O. U, and B. B. Fredholm. Novel 8-Phenyl- 
Substituted Xanthine Derivative Is Selective Antagonist At Adenosine Receptors In Vivo, Acta 

20 Physiol. Scand. , 341-42, (1985), incorporated herein by reference.) 

It is also known that adenosine produces a marked decrease in blood pressure. This blood pressure 
reduction is probably dependent upon an A-2 receptor-mediated decrease in peripheral resistance. 
Adenosine analogs are also able to decrease heart rate. This effect is probably mediated via adenosine 
receptors of the A-1 subtype. 

25 Thus, it is readily apparent that the pharmacological administration of the adenosine receptor selective 
adenosine analogs disclosed herein will result in selective binding to either the A-2 or the A-1 receptor, 
which will, in turn, selectively result in either a decrease in blood pressure or a decrease in heart rate, for 
example, thereby decoupling these physiological effects in vivo. The selection of such adenosine receptor 
selective agents can be determined by the methods described in further detail below. 

30 

Test For Affinity For Brain Adenosine A-2 Receptors 

The test described below was used to determine the potency of test compounds to compete with the 
ligand [3H]5'-N-ethylcarboxamidoadenosine (NECA) for the adenosine A-2 receptors prepared from animal 

35 brain membranes. (See also R.R. Bruns, G.H. Lu, and T.A. Pugsley, Characterization of the A-2 
Adenosine Receptor Labeled by [3HJNECA in Rat Striatal Membranes, Mol. Pharmacol. . 29, 331-346 
(1986), incorporated herein by reference.) Young male rats (C-D strain), obtained from Charles River, were 
killed by decapitation and the brain was removed. Membranes for ligand binding are isolated from rat brain 
striatum. The tissue is homogenized in 20 vol. ice-cold 50 mM Tris-HCI buffer (pH 7.7) using a polytron 

40 (setting for 6 to 20 seconds). The homogenate is centrifuged at 50,000 x g for 10 minutes at 4*C. The 
pellet is again homogenized in a polytron in 20 vol. of buffer, and centrifuged as before. The pellet is finally 
resuspended in 40 vol. of 50 mM Tris-HCI (pH 7.7) per gram of original wet weight of tissue. 

Incubation tubes, in triplicate, receive 100 ul of [3H]NECA (94 nM in the assay), 100 ul of 1 uM 
cyclohexyladenosine (CHA), 100 ul of 100 mM MgCI 2 , 100 ul of 1 lU/ml adenosine deaminase, 100 ul of 

45 test compounds at various concentrations over the range of 10~ 10 M to 10 -4 M diluted with assay buffer (50 
mM Tris-HCI, pH 7.7) and 0.2 ml of membrane suspension (5 mg wet weight), in a final volume of 1 ml of 
50 mM Tris-HCI, pH 7.7. Incubations are carried out at 25 *C for 60 minutes. Each tube is filtered through 
GF/B glass fiber filters using a vacuum. The filters are rinsed two times with 5 ml of the ice-cold buffer. The 
membranes on the filters are transferred to scintillation vials to which 8 ml of Omnifluor with 5% Protosol is 

so added. The filters are counted by liquid scintillation spectrometry. 

Specific binding of [3H]NECA is measured as the excess over blank runs in the presence of 100 uM 2- 
chloroadenosine. Total membrane-bound radioactivity is about 2.5% of that added to the test tubes. Since 
this condition limits total binding to less than 10% of the radioactivity, the concentration of free ligand does 
not change appreciably during the binding assay. Specific binding to membranes is about 50% of the total 

55 bound. Protein content of the membrane suspension is determined by the method of O.R. Lowry, N.J. 
Rosebrough, A.L. Farr and R.J. Randall. Protein Measurements With Folin Phenol Reagent, J. Biol. 
. Chem. , 193 , 265-275 (1951), (incorporated herein by reference). 
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Displacement of [3HJNECA binding of 15% or more by a test compound is indicative of affinity for the 
adenosine A-2 site. The molar concentration of a compound which causes 50% inhibition of the binding of 
ligand is the ICso- A value in the range of 100-1000 nM would indicate a highly potent compound. 

Test For Affinity For Brain Adenosine A-1 Receptor Binding Sites 

The test described below is used to determine the potency of test compounds to compete with the ligand 
[3H]cycloadenosine for the adenosine, A-1 receptor prepared from rat brain membranes. Male Sprague- 
Dawley rats are sacrificed by decapitation and the membranes are isolated from whole animal brains. (See 
R. Goodman, M. Cooper, M. Gavish, and S. Synder, Guanine Nucleotide and Cation Regulation of the 
Binding of [3H]Diethylphenylxanthine to Adenosine A- 1 Receptors in Brain Membrane, Molecular 
Pharmacology , 21^, 329-335 (1982), incorporated herein by reference.) 

Membranes are homogenized (using polytron setting 7 for 10 seconds) in 25 volumes of ice-cold 50 
mM Tris-HCI buffer, pH 7.7. The homogenate is centrifuged at 19,000 rpm for 10 minutes at 4'C. The 
pellet is washed by resuspending in 25 volumes of buffer with 2 IU of adenosine deaminase per ml and 
incubated 30 minutes at 37 -C. The homogenate is centrifuged again. The final pellet is resuspended in 25 
volumes of ice-cold buffer. 

The incubation tubes, in triplicate, receive 100 Ul of [3H]cyclohexyladenosine, 0.8 nM in the assay, 200 
Ul of test compounds at various concentrations over the range of 10~ 10 M to 10" 6 M diluted with 50 nM 
Tris-HCI buffer (pH 7.7), 0.2 ml of membrane suspension (8 mg wet weight) in a final volume of 2 ml Tris 
buffer. Incubations are carried out at 25 -C for 2 hours and each one is terminated within 10 seconds by 
filtration through a GF/B glass fiber filter using a vacuum. The membranes on the filters are transferred to 
scintillation vials. The filters are counted by liquid scintillation spectrometry in 8 ml of Omnifluor containing 
5% Protosol. 

Specific binding of [3H]cycloadenosine is measured as the excess over blanks taken in the presence of 
10" 5 M 2-chloroadenosine. Total membrane-bound radioactivity is about 5% of that added to the test tubes. 
Specific binding to membranes is about 90% of the total bound. Protein content of the membrane 
suspension is determined by the method of Lowry, et al. Id., 265. 

Displacement of [3H]cyclohexyladenosine binding of 15% or more by a test compound is indicative of 
affinity for the A-1 adenosine binding site. 

Adenosine Receptor Binding Affinity Values Obtained Using The Above Described Test Procedures 

The following is a table showing the adenosine receptor binding affinities for the compounds identified 
previously (refer to compound examples on page 4 for cross reference to compound names) within the 
scope of the' present invention: 



Compound 


A-1 Receptor Ki 


A-2 Receptor Ki 


A-2W/A-1 Ki 


1. 


1.24 x 10~ 6 


>6.99x10-* 




2. 


2.68 x10" 6 


5.08 x10" 7 


0.18 


3. 


1.90 x 10"* 


2.50 xlO" 5 


13.20 


4. 


1.00 x10~ 5 


>1.99x10~* 




5. 


4.46 x10" 5 


>1.99x10~* 




6. 


8.40 x 10"* 


1.00x10"* 


16.40 


7. 


1.21 x 10~ 5 


1.42 x 10" 5 


1.17 


8. 


2.64 x10" 5 


2.85 xlO" 5 


1.07 


9. 


1.99x10"* 


>1.99x10-* 




10. 


1.99x10"* 


>1.99x10"* 




11. 


N/A 


N/A 




12. 


9.00 X10" 6 


1.60x10-* 


0.18 


13. 


4.50 x 10~* 


1.06 x 10" 5 


1.70 


14. 


6.50 x 10 -5 


4.68 x 10" 5 


5.50 



The nucleotide guanosine triphosphate (GTP) has been shown to differentially affect the binding of 
agonists and antagonists to a variety of neurotransmitter receptors. In general, guanine nucleotides lower 
the affinity of agonists for receptors without a concomitant decrease in antagonist affinity. Accordingly, GTP 
has been shown to decrease the potency of agonists but not antagonists as inhibitors of the binding of the 
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adenosine antagonist [3H]3-diethyl-8-phenylxanthine. In general, GTP greatly reduces the potency of purine 
agonists, but not antagonists, as inhibitors of [3H]phenylisopropyl adenosine binding and is. therefore, an 
effective agent for distinguishing between agonists and antagonists. (See L.P. Davies, S.C. Chow, J.E. 
Skerritt, D.J. Brown and G.A.R. Johnston, Pyrazolo [3,4-d]Pyrimidines. as Adenosine Antagonists, Life 
Sciences , 34, 2117-28. (1984), incorporated herein by reference.) It is understood, in general, that 
adenosine analogs act as agonists if 0-0-ribofuranosyl is present in the molecule at the Ri position and as 
an antagonist if Ri is hydrogen or phenyl. 

Pharmaceutical Preparations of the Adenosine Receptor Selective Adenosine Agents 

The exact amount of the compound or compounds to be employed, i.e., the amount of the subject 
compound or compounds sufficient to provide the desired effect, depends on various factors such as the 
compound employed; type of administration; the size, age and species of animal; the route, time and 
frequency of administration; and, the physiological effect desired. In particular cases, the amount to be 
administered can be ascertained by conventional range finding techniques. 

The compounds are preferably administered in the form of a composition comprising the compound in 
admixture with a pharmaceutical^ acceptable carrier, i.e.. a carrier which is chemically inert to the active 
compound and which has no detrimental side effects or toxicity under the conditions of use. Such 
compositions can contain from about 0.1 ug or less to 500 mg of the active compound per ml of carrier to 
about 99% by weight of the active compound in combination with a pharmaceutically-acceptable carrier. 

The compositions can be in solid forms, such as tablets, capsules, granulations, feed mixes, feed 
supplements and concentrates, powders, granules or the like; as well as liquid forms such as sterile 
injectable suspensions, orally administered suspensions or solutions. The pharmaceutically acceptable 
carriers can include excipients such as surface active dispersing agents, suspending agents, tableting 
binders, lubricants, flavors and colorants. Suitable excipients are disclosed, for example, in texts such as 
Remingtons Pharmaceutical Manufacturing , 13 the Ed., Mack Publishing Co., Easton, Pennsylvania (1965). 

The following examples are presented to illustrate the present invention. 

EXAMPLE 1 

First, 2.81 g of 1-phenyl-4,6-dichloropyra2olo[3,4-d]pyrimidine was suspended in 60 ml ethanol. Then 
3.2 g of R-( + )-2-amino-3-phenyl-1-propanol was added with stirring. After 48 hours the solvent was 
removed under vacuum and the oil was flash chromatographed (2-5-7% MeOH/CHCb) to yield 3.80 g of 
product (R)-/H(1 -phenyl-6-chloro-1 H-pyrazolo[3,4-d]pyrimidin-4-yl)amino]ben2enepropanol (95%). 

Next, 1.234 g of (R)-/3-[(1-phenyl-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino3benzenepropanol was 
dissolved in 50 ml CHCI 3 and 1.69 ml SOCI 2 was added with stirring. After 6 hours it was placed in a 
freezer at -28 # C overnight. It was then filtered and the white precipitate was rinsed with 50 ml coid CHCb. 
The white solid was collected and dried in a vacuum oven at 70 • C for 24 hours to yield 650 mg of product 
(R)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-chloro-3H-imidazo[1 ,2-c]pyrazolo[4,5-o]pyrimidine. 

50 mg sodium was reacted in 20 ml n-propanol. Next, 650 mg of (R)-2,7-dihydro-7-phenyl-2-(phenyl- 
methyl)-5-chloro-3H-imidazo[1,2-c]pyrazolo[4,5-e]pyrimidine was added with stirring under nitrogen. After 
1.5 hours at room temperature, the cloudy white reaction was poured into 100 ml saturated NaCI and 
extracted with 200 ml CHCb. The organic layer was dried over MgSCU, filtered and concentrated to yield an 
oil which was purified by radial chromatography (10-20-30% isopropyl alcohol/hexane, 4 mm plate) to yield 
200 mg of product. Thin layer chromatography in two separate systems showed a clean product. 
Recrystallization of the above product yielded 132 mg of (R)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5- 
propoxy-3H-imidazo[1,2-c]pyrazolo[4,5He]pyrimidine. a white solid (m.p. 45-48 *C). 

EXAMPLE 2 

First, 5.0 g of 6-chloropurineriboside was suspended in 100 ml dry CH 2 CI 2 followed by addition of 8.02 
ml triethylamine. The reaction was cooled to 0*C followed by addition of 6.68 ml benzoyl chloride 
dropwise. After addition of chloride the reaction was allowed to warm to room temperature and stirred for 24 
hours. The solvent was removed under vacuum and the residue dissolved in 500 ml ethyl alcohol. The 
organic layer was rinsed with 300 ml water, 300 ml saturated NaHCCb. 3 times. 300 ml saturated NaCI. 
dried over MgSCX, filtered and concentrated to yield a brown oil. This was purified by flash chromatography 
(10-30-60% ethyl alcohol/hexane) to yield 10.3 g 6-chloro-9-/3-Z>ribofuranosyl-2,3,5-tribenzoate-9H-purine. 
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Next, 4.0 g of 6-chloro-9-i3-£>-ribofuranosyl-2 f 3,5-tribenzoate-9H-purine was combined with 1.01 g of (R)- 
( + )-2-amino-3-phenyl-1-propanol, 0.92 ml EbN and 100 ml absolute ethanol and heated to reflux for 4 
hours. The solvent was then removed under vacuum and the residue purified by flash chromatography (5- 
10-20% methanol/CHCI 3 ) to yield about 3.5 g of product as impure material. This was again chromatog- 
raphed (5-10% methanol/CHCI 3 ) to yield 3.35 g of product. This was again chromatographed to yield 1.78 g 
of clean product, (R)- J 8-[(9-)9-/>ribofuranosyl-2 I 3,5-tribenzoate-9H-purine-6-yl)amino]benzenepropanol and 
1 .26 g of impure material. 

Next, 1.78 g of the above clean product (R)-/3-[(9-j8-D-ribofuranosyl-2,3,5-tribenzoate-9H-purine-6-yl)- 
amino]benzenepropanol was dissolved in 60 ml dry CHCb and treated with 1.3 ml SOCfe. It was then 
heated to reflux for 4 hours and then cooled to room temperature overnight. The solvent was then removed 
under vacuum to yield 1.94 g of product. This was purified by flash chromatography (5% MeOH/CHCI 3 ) to 
yield 300 mg of a first product and 1,200 mg of a second product. The second product was radial 
chromatographed (2-4-6% MeOH/CHCfe, 2 mm plate) two times to yield 1.10 g of a foam product, R-7,8- 
dihydro-3-(;9-/>ribofuranosyl-2,3,5-trfo^ 

Subsequently, 580 mg of the foam product R-7,8-dihydro-3-(/3-D-ribofuranosyl-2,3,5-tribenzoate)-8- 
(phenylmethyl)-3H-diimidazo[1,2-c:4 , ,5 , -e]pyrimidine was dissolved in 20 ml methanol and treated with a 
catalytic amount of NaOMe. After 2 hours, thin layer chromatography indicated completion of reaction. The 
solvent was removed and the residue was purified by radial chromatography (20%-50% MeOH/CHCI 3 . 1 
mm plate) to yield about 300 mg of a foam. This was recrystallized from about 30% isopropyl al- 
cohol/hexane to yield after drying under vacuum at 39 # C for 144 hours 168 mg of R-7,8-dihydro-3-(0-D- 
ribofuranosyl)-8-(pheny1methyl)-3H-diimidazo[1 ^-c^'.^-ejpyrimidine (m.p. 140-1 43 • C). 

EXAMPLE 3 

First, 1.13 g of the starting material 4-chloro-1-phenylpyrazolo[3,4-d]pyrimidine was combined with 0.67 
ml EtjN, 0.74 g of (R)-( + )-2-amino-3-phenyl-1-propanol in 60 ml absolute ethanol and heated in a steam 
bath for four hours. The solvent was then removed under vacuum and the residue was purified by flash 
chromatography (10-20% isopropyl alcohol/hexane) to yield 1.24 g of (R)-8-[(1-phenyMH-pyrazolo[3,4-d]- 
pyrimidin-4-yl)amino]benzenepropanol (74% yield). 

Next, 1.24 g of (R)-^-t(1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino]benzenepropanol was dissolved 
in 60 ml dry CHCI 3 , 1.82 ml SOCfe was added and the reaction was heated to reflux for 4 hours. After 
cooling, the solvent was removed and the precipitate taken up in butanone. The white suspension was 
filtered yielding a white powder, which was recrystallized from about 5% MeOH/butanone to yield after oven 
drying under vacuum at 85* C for 4 hours, 229.4 mg of long, flat, clear crystals, (R)-2,7-dihydro-7-phenyl-2- 
(phenylmethyl)-3H-imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidine (m.p. 270 * C). 

EXAMPLE 4 

First, 2.0 g of 6-chloro-9-phenylpurine was combined with 1.38 g (S)-(-)-2-amino-3-phenyl-1-propanol f 
1.27 ml EfeN, 50 ml absolute ethanol and heated to reflux for 5 hours. The solvent was then removed under 
vacuum and the residue purified by flash chromatography (2.5-5% MeOH/CHCI 3 ) to yield 2.27 g of product 
(76% yield). This was recrystallized from isopropyl alcohol/hexane at about 10% to yield after drying under 
vacuum at 90 • C for 3 days 0.87 g of a white solid (R)-^-[(9-phenyl-9H-purin-6-yl)amino]benzenepropanol 
(m.p. 130-1 32' C). 

Next, 1.13 g of (R)->3-[(9-phenyl-9H-purin-6-yl)amino]benzenepropanol was dissolved in 50 ml CH2CI2 
with 1.7 ml SOCI2 and heated to reflux for 6 hours. The solvent was then removed under vacuum, the 
residue taken up in butanone and filtered. The white precipitate was recrystallized from about 5% 
MeOH/butanone to yield after drying under vacuum at 39 # C for 2 days 530 mg of (5)-7,8-dihydro-3-phenyl- 
8-(phenylmethyl)-5-propoxy-3H-diimidazo[1 ^-c:4' f 5'-e]pyrimidine (m.p. 270 • C). 

EXAMPLE 5 

First, 5.0 g of 6-chloropurine riboside was suspended in 100 ml dry CH2CI2 followed by addition of 8.02 
ml triethylamine. The reaction was cooled to 0°C followed by addition of 6.68 ml benzoyl chloride 
dropwise. After addition of chloride the reaction was allowed to warm to room temperature and stirred for 24 
hours. The solvent was removed under vacuum and the residue dissolved in 500 ml ethyl alcohol. The 
organic layer was rinsed with 300 ml water, 300 ml saturated NaHCOs, 3 times, 300 ml saturated NaCI, 
dried over MgSCU, filtered and concentrated to yield a brown oil. This was purified by flash chromatography 
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(10-30-60% ethyl alcohol/hexane) to yield 10,3 g 6<jhloro-9-/3-D-ribofuranosyl-2,3.5-tribenzoate-9H-purine. 
Next. 4.0 g of 6-chloro-9-)3-0-ribofuranosyl-2,3,5-tribenzoate-9H-purine was combined with 1.01 g of (S)- 

(-)-2-amino-3-phenyl-1-propanol and 0.92 ml of EfeN in absolute ethanol (100 ml) and heated to reflux for 4 

hours. The solvent was then removed under vacuum and the residue purified by flash chromatography (5% 
5 MeOH/CHCb) to yield 2.36 g of (S^/S-IfO-iS-D-ribofuranosyl^.S.S-tribenzoate-gH-purine-e-yOaminoh 

benzenepropanol and 1.73 g of impure material. 

Next, 2.36 g of (S)-iS-[(9-/?-/>ribofuranosyl-2,3,5-tribenzoate-9H-purine-6-yl)amino]benzenepropanol was 

dissolved in 80 ml dry CH 2 CI 2 and treated with 1.7 ml SOCfe. The reaction was heated to reflux for 4 hours, 

cooled to room temperature, stirred overnight and the solvent removed under vacuum. The residue was 
10 purified by flash chromatography (5% MeOH/CHCI 3 ) to yield 1.77 g of S-7,8-dihydro-3-(^-D-ribofuranosyl- 

2,3,5-tribenzoate)-8-(phenylmethyl)-3H-diimidazo[1 ,2-c*\5'-e]pyrimidine (77% yield). 
The 1.77 g of S-7,8-dihydro-3-(^£Mbofuranosyl-2.3,5-tribenzo 

c:4\5'-e]pyrimidine was dissolved in 60 ml methanol and treated with a catalytic amount of NaOMe. After 

24 hours, the solvent was removed under vacuum and the residue purified by flash chromatography (10-20- 
75 50% MeOH/CHCb, 2 mm plate) to yield 700 mg of product. This was triturated with ether/hexane (about 

5%), dried under vacuum at 39 *C for 6 days to yield 470 mg of S-7,8-dihydro-3-(0-D-ribofuranosyl)-8- 

(phenylmethyl)-3H-diimidazo[1 ^-ci^.S^elpyrimidine. 

EXAMPLE 6 

20 

2.5 g.of the starting material 1-phenyl-4,6-dichloropyrazolo[3,4-d]pyrimidine was suspended in 60 ml of 
ethanol. Next, 4.28 g of (S)-(-)-2-amino-3-phenyl-1-propanol was added and the reaction was allowed to stir 
for 24 hours. The solvent was then removed under vacuum and the crude oil was purified by flash 
chromatography (10-15-20% isopropyl alcohol/hexane) to yield 3.5 g of (S)-/3-[(1-phenyl-6-chloro-1H- 

25 pyrazolo[3,4-d]pyrimidin-4-yl)amino]benzenepropanol (97%). 

1.037 g of the above product (S)-/3-[(1-phenyl-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino]- 
benzenepropanol was then dissolved in 25 ml CHCI 3 . Next, 1.38 ml thionyl chloride was added and the 
reaction was allowed to stir overnight. It was then placed in a freezer at -28 • C. After 5 hours the precipitate 
was filtered and collected washing with cold CHCI 3 . The white solid was dried in a vacuum oven at 70 *C 

30 for 24 hours to yield 550 mg of (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-chloro-3H-imidazo[1,2-ch 
pyrazolo[4,3-e]pyrimidine (56%). 

Then, 20 mg sodium was reacted in 3 ml n-propanol. The solution was cooled with an ice bath and 209 
mg of the above product (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-chloro-3H-imidazo[1 ,2-c]pyrazolo[4,3- 
ejpyrimidine was added with stirring. After 1 hour the reaction was poured into 100 ml saturated NaCI 

35 solution and extracted with 200 ml CHCI 3 . The organic layer was dried over MgSO*. filtered and 
concentrated to yield an oil which was purified by radial chromatography (5-10% MeOH/ CHCI 3| 2 mm 
plate) to yield 168 mg of (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H-imidazo[1.2-c]pyrazolo- 
[4,3-e]pyrimidine (75%). 

40 EXAMPLE 7 

First, 2 g of the starting material 1-phenyl-4,6-dichloropyrazolo[3,4-d]pyrimidine was suspended in 50 
ml ethanol followed by the addition of 5.6 g of 1S,2R-norephedrine. After stirring for 24 hours the solvent 
was removed under vacuum and the crude material was purified by flash chromatography (10% isopropyl 

45 alcohol/hexane) to yield 1.90 g of [R-(S\R0]^-[1-[(1-phenyl-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl>- 
amino]ethyl]benzenemethanol. 

Next, 1.9 g of the above product [R-(S*,R*)]-a-[1-[(1-phenyl-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl>- 
amino]ethyi]benzenemethanol was combined with 2.2 ml SOCI 2 in 150 ml CH 3 CN with stirring. After 20 
hours the solvent was removed under vacuum and the brown residue taken up in 250 ml CHCI 3 . The 

50 organic was rinsed with 200 ml H2O, 200 ml saturated NaCI, dried over MgSCU. filtered and concentrated to 
yield a brown oil which was purified by flash chromatography (50% ethanol/hexane) to yield 850 mg of a 
clear viscous oil (2R-trans)-2,7-dihydro-2-methyl-3.7-diphenyl-5-chloro-3H-imidazo[1,2-c]pyrazolo[4,3-eh 
pyrimidine. 

51 mg sodium was dissolved in 5 ml n-propanol. 670 mg of the above product (2R-trans)-2,7-dihydro-2- 
55 methyl-3,7-diphenyl-5-chloro-3H-imidazo[1,2-c]pyrazolo[4.3-eIpyrimidine dissolved in 15 ml n-propanol was 
added to the propoxide solution with stirring. After 1 hour the reaction was poured into 200 ml saturated 
NaCI and the extracts were dried over MgSO*. filtered and concentrated to yield an oil which was purified 
by radial chromatography (30-50-70-90% ethanol/ hexane, 2 mm plate) to yield 600 mg of (2R-trans)-2,7- 
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dihydro-2-methyl-3,7-diphenyl-5-propoxy-3^ 
EXAMPLE 8 

5 First, 2.0 g of 6-chloro-9-phenylpurine was combined with 1.38 g of (R)-( + )-2-amino-3-phenyl-1- 

propanol, 1.27 ml Et 3 N, 50 ml absolute ethanol and heated to reflux for 5 hours. The solvent was then 
removed and the residue was purified by flash chromatography (5% MeOH/CHCb), followed by a second 
purification (2.5-5% MeOH/CHCI 3 ), to yield 2.66 g of a white foam (88% yield). This was recrystallized from 
about 10% isopropyl alcohol/hexane and dried under vacuum at 90 *C for 4 days to yield 1.28 g of a white 

10 solid, (R)-jH(9-phenyl-9H-purin-6-yl)amino]benzenepropanol (m.p. 1 30-1 32 • C). 

Next, 1 .0 g of the above product (R)-M(9-phenyl-9H-purin-6-yl)amino]benzenepropanol was dissolved 
in 50 ml CH 2 CI 2 with 1.5 ml SOCfe and heated to reflux for 6 hours. The solvent was removed under 
vacuum, the residue taken up in butanone and filtered. The white precipitate was recrystallized from about 
5% methanol/butanone to yield after drying under vacuum for 3 days 430 mg of (R)-7,8-dihydro-3-phenyl-8- 

75 (phenylmethyl)-3H-diimidazo[1 ,2-0:4*, 5*-e]pyrimidine. 

EXAMPLE 9 

First 2.5 g of 6-chloropurine was dissolved in 60 ml absolute ethanol followed by addition of 2.25 ml 
20 EfcN and 2.45 g of R-( + )-2-amino-3-phenyl-1-propanol with stirring. The solvent was removed under 
vacuum and the residue was purified by flash chromatography (10-15% MeOH/ CHCI 3 ) to yield 3.35 g of 
product. This was recrystallized from about 40% isopropyl alcohol/hexane to yield 2.23 g of (R)-0-[(1H- 
purin-6-yl)amino]benzenepropanol after drying under vacuum at 80 • C for 48 hours. 

This was followed by suspension of 1.5 g of the above product (R)-/H(1H-purin-6-yl)amino]- 
25 benzenepropanol in 60 ml dry CH2CI2, followed by addition of 2.85 ml SOCfe. The reaction was heated to 
reflux for 4 hours and then allowed to cool to room temperature overnight. The solvent was removed under 
vacuum and the residue then taken up in 100 ml butanone. This was filtered to yield 1670 mg of a yellow 
solid. This was recrystallized from 10% MeOH/butanone to yield after oven drying under vacuum at 85 *C 
690 mg of product. The free base was prepared by treatment with NaHCCb and the residue purified by 
30 radial chromatography (10-20% MeOH/CHCI 3l 2 mm plate) to yield after drying under high vacuum at 39 *C 
for 6 days 97.0 mg of (RK.S-dihydro-S-tphenylmethyO-IH-diimidazoll^-c^.^-elpyrimidine (m.p. 140 °C). 

EXAMPLE 10 

35 First, 1 g of the starting material 4-chloro-1-phenylpyrazolo[3 f 4-d]pyrimidine was combined with 651 mg 
of (S)-(-)-2-amino-3-phenyl-1-propanol and 0.6 ml EfeN in 60 ml absolute ethanol and heated to reflux for 5 
hours. The solvent was then removed under vacuum and the residue purified by flash chromatography (10- 
15-20% isopropyl alcohol/hexane) to yield a white solid which was recrystallized from about 20% isopropyl 
alcohoi/hexane to yield, after oven drying under vacuum, 1.06 g of (S)-/3-[(1 -phenyl- 1H-py razolo[3,4-d]- 

40 pyrimidin-4-yl)amino]benzenepropanol (m.p. 1 1 4-1 1 7 * C). 

Next, 300 mg of the above product (S)-/5-[(1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)aminoh 
benzenepropanol was dissolved in 15 ml CH 2 CI 2 followed by addition of 0.44 ml SOCk. The reaction was 
heated to reflux for 3.5 hours. The solvent was then removed under a stream of nitrogen. The white solid 
was recrystallized from about 30% isopropyl alcohol/hexane followed by a second recrystallization from 

45 about 5% MeOH/butanone to yield 45 mg of (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-3H-imidazo[1 ,2-c]- 
pyrazolo[4,3-e]pyrimidine after drying under vacuum at 39 *C for 5 days (m.p. 255 *C). 

EXAMPLE 11 

50 Initially, 2.5 g of 6-chloropurine was suspended in 60 ml ethanol. Next, 2.45 g of (SH-)-2-amino-3- 
phenyl-1-propanol and 2.25 ml Et3N were added and the reaction was allowed to stir for 16 hours at room 
temperature. Thin layer chromatography indicated no change. It was then heated to reflux for 20 hours. The 
solvent was then removed under vacuum and the residue purified by flash chromatography (10% 
MeOH/CHCI 3 ) to yield about 3 g of product. This was recrystallized 2 times with about 40% isopropyl 

55 alcohol/hexane to yield after oven drying under vacuum at 80 *C for 72 hours, 2.13 g of a white solid (S)-/3- 
[(1 H-purin-6-yl)amino]benzenepropanol (m.p. 207-209 • C). 

Subsequently, 300 mg of the above product (S)-/3-[(1H-purin-6-yl)amino]benzenepropanol was re- 
suspended in 20 ml CH 2 CI 2 . Then, 0.57 ml SOCfe was added and the reaction was heated to reflux for 4 
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hours. The solvent was then removed under vacuum and the white solid taken up in butanone. The 
suspension was filtered and the white precipitate recrystallized from 5% MeOH/butanone to yield 116.9 mg 
of slightly yellow crystals. This was dried under vacuum at 80 • C for 24 hours to yield 88 mg of (S)-7,8- 
dihydro-8-(phenylmethyl)-1 H-diimidazo[1 ^-ci^'-ejpyrimidine (m.p. 268-270 • C). 

5 

EXAMPLE 12 

First, 1.5 g of starting material 1-phenyl-4,6-dichloropyrazolo[3,4-d3pyrimidine was suspended in 40 ml 
of ethanol. Then, 2.6 g 1 R,2S-(-)-norephedrine was added and the reaction was allowed to stir for 48 hours. 

io The solvent was removed and the oil flash chromatographed (50-70% EkO/hexane) to yield 2.1 g of [S- 
(^S0j-a-[1-[(1-phenyl-6-chloro-^^ 

Next, 700 mg of the above product [S-(^S0]-a-[1-[(1-phenyl-6-chlorc^1H-pyra2olo[3 ( 4-d]pyrimidin-4-yl)- 
amino]ethyl]benzenemethanol was dissolved in 50 ml CH 3 CN, followed by adding 0.26 ml SOCfe with 
stirring. The reaction was allowed to stir for 24 hours. The solvent was then removed and the residue flash 

75 chromatographed (2-4-8-10% MeOH/CHCI 3 ) to yield 840 mg of a mixture of product and starting material. 
This was again purified by radial chromatography (20-30-50% ethanol/hexane, 4 mm plate) to yield 210 mg 
of (2S-trans)-2.7-dihydrcH2-methyl-3,7-diphen 

Subsequently, about 16 mg of sodium was dissolved in 1 ml n-propanol, followed by adding 210 mg of 
the above product (2S-trans)-2,7-dihydrcH2-methyl-3.7-diphenyl-6-chloro-3H-imidazo[1,2-c]pyra2olo[4 t 3-e}- 

20 pyrimidine in 4 ml n-propanol with stirring producing the white precipitate (NaCI). After 3 hours the reaction 
was poured into 100 ml saturated NaCI and extracted with CHCI 3 (2 times, 100 ml). The combined organic 
extracts were reduced under vacuum to yield an oil which was purified by radial chromatography (2% 
MeOH/CHCb, 2 mm plate) to yield 217 mg of a white foam. This was dried for 8 days over P 2 Os under 
vacuum to provide about 190 mg of (2S-trans)-2,7-dihydro-2-methyl-3,7-diphenyl-5-propoxy-3H-imidazo[1,2- 

25 c]pyrazolo[4,3-e]pyrimidine. 

EXAMPLE 13 

100 g of violuric acid was added to 1 liter of water with vigorous overhead stirring and heated to 70 *C. 

30 200 g sodium hydrogensulfite was added in portions over 15 minutes. After 2.5 hours the reaction was 
filtered and the precipitate rinsed with water. The solid was dried under vacuum at 98 *C for 3 hours to yield 
75 g of 5-amino-2,4,6-trihydroxypyrimidine. 

75 g of 5-amino-2,4,6-trihydroxy pyrimidine was dissolved in 1 .5 to 5% sodium hydroxide with vigorous 
overhead stirring producing a violet solution. The reaction was heated to 60 *C and 63 ml phenyl 

as isothiocyanate was added dropwise over 1.5 hours. The reaction turned pale yellow. The reaction was 
stirred an additional 2 hours at 60 • C, cooled and acidified with glacial acetic acid producing a light yellow 
precipitate. This was filtered to yield about 75 g of N-(2,4,6-trihydroxy-5-pyrimidyl)-N , -phenylthiourea 

About 75 g of N-^Ae-trihydroxy-S-pyrimidylJ-N'-phenylthiourea was combined with 600 ml con- 
centrated hydrochloric acid and heated to reflux for 5 hours (considerable foaming occurred). It was then 

40 diluted with 2 liters of water and immediately filtered and washed with water. This was dried under vacuum 
at 80* C for 2 days to yield 50.08 g of product (34% yield from violuric acid). A small sample was triturated 
with hot glacial acetic acid to yield intermediate 2,6-dihydroxy-9-phenyl-8-purinethiol. 

10 g of 2,6-dihydroxy-9-phenyl-8-purinethiol was dissolved in about 100 ml 1N sodium hydroxide 
followed by addition of about 30 g Raney nickel. Slight foaming occurred. The reaction was slowly heated to 

45 reflux (o|l bath about 12Q'C). After 1.5 hours the reaction was filtered. The filtrate was cooled to about 4*C 
and filtered. The white solid was dissolved in hot water, treated with charcoal, filtered and treated with 
concentrated hydrochloric acid to produce a white precipitate. This was filtered, dried under vacuum at 
80 • C for three hours to yield 3.3 g of 2,6-dihydroxy-9-phenylpurine (38% yield). 

3.3 g of 2,6-dihydroxy-9-phenylpurine was added to a stirring suspension of 17 g PCfe in 83 ml POCI 3 . 

so The reaction was heated to reflux for 26 hours (oil bath 120*C). After cooling, the solvent was removed 
under vacuum, the residue carefully quenched in ice water and the aqueous extracted with EfcO (3 times, 
200 ml). The combined organic extracts were dried over MgSCH. filtered and concentrated to yield 3.52 g of 
product. After recrystallization from ethanol/ water, this was dried under vacuum at 80 # C for 3 days to yield 
1 .40 g of 2,6-dichloro-9-phenylpurine. 

55 1.24 g of 2,6-dichloro-9-phenylpurine was combined with 50 ml absolute ethanol, 0.7 ml triethylamine, 
0.71 g of R-( + )-2-amino-3-phenyl-1-propanoi and heated to reflux for 5 hours. The solvent was then 
removed under vacuum and the residue purified by flash chromatography (5% methanol/trichloromethane) 
to yield 1.47 g of (R)-/3-[(9-phenyI-2-chloro-1H-purin-6-yl)amino]benzenepropanol. 
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340 mg sodium was dissolved in 40 ml n-propanol. 1.4 g of (R)-/9-[(9-phenyl-2-chloro-1H-purin-6-yl)- 
aminojbenzenepropanol was added and the reaction was heated to reflux for 4 hours. After cooling, the 
reaction was poured into about 200 ml 95% saturated sodium chloride solution and extracted with 
trichloromethane (3 times, 200 ml). The combined organic extracts were dried over MgSO*, filtered and 
5 concentrated. The residue was purified by flash chromatography (2% methanol/trichloromethane) to yield 
1.41 g of product. This was recrystallized from about 5% isopropyl alcohol/hexane to yield 1.05 g of impure 
product. 300 mg was again recrystallized from 5% isopropylalcohol/hexane to yield, after drying under 
vacuum at 80 *C for 168 hours, 211 mg of (R)-/3-[(2-propoxy-9-phenyh1H-purin-6-yl)amino]benzenepropanol 
(m.p. 127-1 28 *C). 

10 750 mg of (R)-/3-[(2-propoxy-9-phenyl-1H-purin-6-yl)amino]benzenepropanol was dissolved in 40 ml dry 
dichloromethane, treated with 0.95 ml SOCI 2 and heated to reflux for 3 hours. The solvent was then 
removed under vacuum and the residue purified by radial chromatography (5% methanol/trichloromethane). 
The product was then recrystallized from about 20% isopropyl alcohol/hexane to yield 180 mg of product. 
This was again purified by radial chromatography (3-6% methanol/trichloromethane, 2 mm plate) to yield a 

75 residue which was triturated with ether. The solid was collected and dried under vacuum at 39 °C for 168 
hours to yield 114.2 mg of product as a light brown solid. This was purified by radial chromatography (3-6% 
methanol/trichloromethane) to yield 60 mg of (R)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-5-propoxy-3H- 
diimidazo[1 ,2-c:4\ ^-ejpyrimidine. 

20 EXAMPLE 14 

100 g of violuric acid was added to 1 liter of water with vigorous overhead stirring, and heated to 70 "C. 
200 g of sodium hydrogensulfite was added in portions aver 15 min. After 2.5 hours the reaction was filtered 
and the precipitate rinsed with water. The solid was dried under vacuum at 98 • C for 3 hours to yield 75 g 

25 of 5-amino-2,4,6-trihydroxypyrimidine. 

75 g of 5-amino-2,4,6-trihydroxypyrimidine was dissolved in 1 .5 to 5% sodium hydroxide with vigorous 
overhead stirring producing a violet solution. The reaction was heated to 60 *C and 63 ml phenyl 
isothiocyanate was added dropwise over 1.5 hours. The reaction turned pale yellow. The reaction was 
stirred an additional 2 hours at 60*C, cooled and acidified with glacial acetic acid producing a light yellow 

30 precipitate. This was filtered to yield about 75 g of N-(2,4,6-trihydroxy-5-pyrimidyl)-N , -phenylthiourea. 

About 75 g of N-(2,4,6-trihydroxy-5-pyrimidyl)-N , -phenylthiourea was combined with 600 ml con- 
centrated hydrochloric acid and heated to reflux for 5 hours (considerable foaming occurred). It was then 
diluted with 2 liters water and immediately filtered and washed with water. This was dried under vacuum at 
80 • C for 2 days to yield 50.08 g of product (34% yield from violuric acid). A small sample was triturated 

35 with hot glacial acetic acid to yield 2,6-dihydroxy-9-phenyl-8-purinethiol. 

2.5 g of 2,6-dihydroxy-9-phenyl-8-purinethiol was dissolved in 250 ml 1N sodium hydroxide and treated 
with 75 g Raney nickel. It was then heated to reflux for 2 hours and then filtered through Celite while hot. 
The filtrate was cooled to about 4*C, the white precipitate collected, dissolved in hot water, treated with 
charcoal, filtered, cooled in an ice bath and acidified with concentrated hydrochloric acid. The white product 

40 was collected and dried under vacuum at 70 *C for 2 days to yield 11.3 g of 2,6-dihydroxy-9-phenylpurine. 

11.2 g of 2,6-dihydroxy-9-phenylpurine was combined with 280 ml POCI 3 and 57 g PCI 5 and heated to 
reflux (oil bath, 120'C) for 24 hours. The solvent was then removed under vacuum and the residue 
quenched in ice. The aqueous was extracted with ether (4 times 500 ml), the combined organic extracts 
dried over MgS04, filtered and concentrated to yield about 4 g of product as a yellow solid. This was 

45 recrystallized form ethanol/water to yield 2.39 g of 2,6-dichloro-9-phenylpurine after drying under vacuum at 
80 • C for 48 hours. 

2.0 g of 2,6-dichloro-9-phenylpurine was combined with 1.15 g of S-( + )-2-amino-3-phenyl-1 -propanol, 
1.13 ml triethylamine and 70 ml absolute ethanol. The reaction was then heated to reflux for 4 hours. The 
solvent was then removed under vacuum and the residue purified by flash chromatography (3-5% 
50 methanol/trichloromethane) to yield 2.77 g of (S)-/H(9-phenyl-2-chloro-1H-purin-6-yl)aminoh 
benzenepropanol. 

836 mg sodium was dissolved in 60 ml n-propanol. 2.76 g of (S)-i9-[(9-phenyl-2-chloro-1H-purin-6-yl)- 
amino]benzenepropanol, in 20 ml n-propanol, was added to the reaction and heated to reflux for 5 hours. 
After cooling it was poured into 200 ml 95% sodium chloride and extracted with trichloromethane (3 times, 
55 200 ml). The combined organic extracts were dried over MgSO*. filtered and concentrated to yield a 
residue which was purified by flash chromatography. This yielded 2.15 g of product. This was recrystallized 
from 5% isopropyl alcohol/hexane to yield after drying under vacuum at 70 • C for 24 hours 1 .78 g of (S)-0- 
[(2-propoxy-9-phenyl-1 H-purin-6-yl)amino]benzenepropanol (m.p. 1 26-128 • C). 
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1.2 g of (S)-/H(2-propoxy-9-phenyl-1H-purin-6-yl)amino]benzenepropanol was dissolved in 60 ml dry 
dichloromethane and treated with 1.53 ml SOCI2. The reaction was heated to reflux under N 2 for 4 hours. 
The solvent was then removed under vacuum and the residue purified by flash chromatography (5% 
methanol/trichloromethane) to yield 0.99 g of product. This was dried under high vacuum at 39 *C for 7 
days to yield 437.8 mg of (S)-7.8-dihydro-3-phenyl-8-(phe 
pyrimidine (m.p. 74-80 * C). 

Claims . 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. A compound according to the formula I: 



wherein 

R1 is hydrogen, phenyl or 0-D-ribofuranosyl; 

R2 is hydrogen, lower alkyl of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 
atoms; 

Y is -N = or -CH = ; 

Z is -N = or -CH = , with the proviso that Y and Z are not identical; 
n is an integer from 1 to 3; 
L is hydrogen or phenyl; and 

M is phenyl, except when L is phenyl, in which case M is hydrogen or a lower alkyl of from 1 to 3 
carbon atoms. 

2. A compound according to claim 1 of the formula: 



M 



\ 



(CH 2 ) n 




Formula I 




wherein R1 is hydrogen, phenyl or /3-D-ribofuranosyl; 
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R 2 is hydrogen, lower alkyl of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 
atoms; 

Y is -N = or -CH = ; 

Z is -N = or -CH = , with the proviso that Y and Z are not identical. 
A compound according to claim 1 of the formula: 



wherein Ri is hydrogen, phenyl or /S-D-ribofuranosyl; and R2 is hydrogen, lower alkyl of from 1 to 4 
carbon atoms, or lower alkoxy of from 1 to 4 carbon atoms. 

A compound according to claim 1 which is (R)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-3H-diimida2o[1 ,2- 
c:4'5'-e]pyrimidine, (S)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-3H-diimidazo[1,2-c: 4\5'-e3pyrimidine, 
(S)-7,8-dihydro-3-(0-D- ribofuranosyl)-8-(phenylmethyl)-3H-diimidazo[1 ^-c^S'-eJpyrimidine, or (R)-7,8- 
dihydro-S-t/S-D-ribofuranosyO-S-tphenylmethyl^SH-diimidazoll^-ci^.S'-elpyrimidine. 

A compound according to claim 1 of the formula: 



wherein Ri is hydrogen, phenyl or /3-D-ribofuranosyl. 

A compound according to claim 1 which is (R^.S^ihydrchS-tphenylmethyl^lH-diimidazoll^-c^.S'-e]- 
pyrimidine, (S)-7,8-dihydro-8-(phenylmethyl)-1 H-diimidazo[1 ^-c^'.S'-elpyrimidine, (R)-7,8-dihydro-3- 
phenyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo[1 ^-c^.S'-eJpyrimidine, or (S)-7,8-dihydro-3-phenyl-8- 
(phenylmethyl)-5-propoxy-3H-diimidazo [1 ,2-c:4 , ,5 , -e]pyrimidine. 
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7. A compound according to claim 1 of the formula: 




wherein Ffe is hydrogen, lower alkyl of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 
atoms; and Ri is hydrogen, phenyl or 0-O-ribofuranosyl. 

8. A compound according to claim 1 of the formula: 



H 3 C 




wherein Ri is hydrogen, phenyl or /S-D-ribofuranosyl. 

9. A compound according to claim 1 which is (R)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H- 
imidazotl^-clpyrazoloH.a-elpyrimidine, (S^^-dihydro^-phenyl^^phenylmethyl^S-propoxy-aH-im- 
idazo [1 ,2-c]pyrazolo[4 f 3-e]pyrimidine f (R)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-3H-imidazo[1 t 2-c> 
pyrazolo[4,5-e]pyrimidihe, or (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-3H-imida2ot1 ,2-clpyrazolo[4,5- 
ejpyrimidine. 
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10. A compound according to claim 1 of the formula: 



CH 3 




wherein Ri is hydrogen, phenyl or /3-D-ribofuranosyl; and R2 is hydrogen, lower alkyl of from 1 to 4 
carbon atoms or lower alkoxy of from 1 to 4 carbon atoms. 

11. A compound according to claim 1 of the formula: 



CH3 




wherein R1 is hydrogen, phenyl or /3-/>ribofuranosyl. 

12. A compound according to claim 1 which is (2R-trans)-2,7-dihydro-2-methyl-3,7-diphenyl-5-propoxy-3H- 
imidazo[1,2-c]pyrazolo[4,3-e]pyrimidine, or (2S-trans)-2,7-dihydro-2-methyl-3,7-diphenyl-5-propoxy-3H- 
imidazo[1 ,2-c]py razolo[4,3-e]pyrimidine. 

13. A compound according to any one of claims 1 to 12 for use as a therapeutic agent 

14. Pharmaceutical composition comprising a compound in accordance with any one of claims 1 to 12 and 
a physiologically acceptable carrier. 

15. A process for preparing a compound according to FORMULA I as defined in claim 1 which comprises: 

a) wherein R 2 is hydrogen or lower alkyl, reacting a compound according to FORMULA II: 




FORMULA II 



wherein Rt is hydrogen, phenyl or j8-D-ribofuranosyl; R2 is hydrogen or lower alkyl; Y is -N= or 
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-CH = ; and Z is -N = or -CH = , with the proviso that Y and Z cannot be identical, with a compound 
according to FORMULA HI: 



,{CH 2 ) a 



HO 



H 2 N 



FORMULA III 



wherein n is an integer from 1 to 3; 

for a period of from 1 to 24 hours and at a temperature or from 25 *C to 140'C; to obtain the 
intermediate product according to FORMULA IV: 



HO 




FORMULA IV 



wherein Ri is hydrogen, phenyl or 0-0-ribofuranosyl; R2 is hydrogen or lower alkyl; Y is -N= or 
-CH = ; Z is -N = or -CH = ; with the proviso that Y and Z are not identical; and n is an integer from 1 
to 3; 

and treating the intermediate product according to FORMULA IV with an appropriate chlorinating 
agent, such as thionyl chloride, for a period of 1 to 24 hours at a temperature of from 25 *C to 
140'C; to obtain the product according to FORMULA I, wherein Ffe is hydrogen or lower alkyl; 
b) alternatively, wherein R2 is (Ci-C*)alkoxy, by reacting a compound according to FORMULA V: 




FORMULA V 



wherein R1 is hydrogen, phenyl or 0-D-ribofuranosyl; Y is -N = or -CH = ; and Z is -N = or -CH = , 
with the proviso that Y and Z cannot be identical, with a compound according to FORMULA III above 
for a period of from 1 to 24 hours at a temperature of from 25 • C to 1 40 • C; 
to obtain the intermediate product according to FORMULA VI therefrom: 
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FORMULA VI 



wherein H } is hydrogen, phenyl or £-D-ribofuranosyl; Y is -N = or -CH = ; Z is -N = or -CH = , with 
the proviso that Y and Z are not identical; and n is an integer from 1 to 3; 

and treating the intermediate product according to FORMULA VI with an appropriate chlorinating 
agent, such as thionyl chloride, to produce a compound according to FORMULA VII: 




(CH 2 ) n 

\ 

HC — N 




wherein Ri is hydrogen, phenyl or 0-0-ribofuranosyl; Y is -N = or -CH = ; Z is -N= or -CH = , with 
the proviso that Y and Z are not identical; and n is an integer from 1 to 3; 

and treating the intermediate product according to FORMULA VII with a (Ci-C4)alcdhol to form a 
compound according to FORMULA I, wherein R2 is (Ci -C+)alkoxy. 
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Claims for the following Contracting State : ES 



1. A process for preparing a compound according to FORMULA i: 



M 



(CH 2 )n 



\ 



HC— V N 




FORMULA I 



wherein Ri is hydrogen, phenyl or £-/>-ribofuranosyl; R2 is hydrogen, lower alkyl of from 1 to 4 carbon 
atoms or lower alkoxy of from 1 to 4 carbon atoms; Y is -N = or -CH. = ; Z is -N = or -CH = , with the 
proviso that Y.and Z cannot be identical; n is an integer from 1 to 3; L is hydrogen or phenyl; and M is 
phenyl, except when L is phenyl, in which case M is hydrogen or lower alkyl of from 1 to 3 carbon 
atoms; and the pharmaceutical ly acceptable salts thereof which comprises: 

a) wherein R2 is hydrogen or lower alkyl, reacting a compound according to FORMULA II: 



wherein R1 is hydrogen, phenyl or 0-0-ribofuranosyl; R2 is hydrogen or lower alkyl; Y is -N= or 
-CH = ; and Z is -N= or -CH = , with the proviso that Y and Z cannot be identical, with a compound 
according to FORMULA III: 



wherein n is an integer from 1 to 3; 

for a period of from 1 to 24 hours and at a temperature of from 25 *C to 140 # C; to obtain the 
intermediate product according to FORMULA IV: 



CI 




II 
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FORMULA IV 



wherein Ri is hydrogen, phenyl or jS-D-ribofuranosyl; Ffe is hydrogen or lower alkyl; Y is -N= or 
-CH = ; Z is -N = or -CH = ; with the proviso that Y and Z are not identical; and n is an integer from 1 
to 3; 

and treating the intermediate product according to FORMULA IV with an appropriate chlorinating 
agent, such as thionyl chloride, for a period of 1 to 24 hours at a temperature of from 25 *C to 
140 *C; to obtain the product according to FORMULA I, wherein R 2 is hydrogen or lower alkyl; 
b) alternatively, wherein R 2 is (Ci-C*)alkoxy, reacting a compound according to FORMULA V: 




FORMULA V 



wherein Ri is hydrogen, phenyl or 0-0-ribofuranosyl; Y is -N= or -CH = ; and Z is -N= or -CH = , 
with the proviso that Y and Z cannot be identical, with a compound according to FORMULA ill above 
for a period of from 1 to 24 hours at a temperature or from 25 *C to 140'C; 
to obtain the intermediate product according to FORMULA VI therefrom: 




FORMULA VI 



Ri 
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wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; Y is -N = or -CH = ; 2 is -N = or CH = , with the 
proviso that Y and 2 are not identical; and n is an integer from 1 to 3; 

and treating the intermediate product according to FORMULA VI with an appropriate chlorinating 
agent, such as thionyl chloride, to produce a compound according to FORMULA VII: 

5 



70 




(CH 2 )n 

\ 




FORMULA VII 



Rl 



25 wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; Y is -N= or -CH = ; 2 is -N= or -CH = , with 

the proviso that Y and 2 are not identical; and n is an integer from 1 to 3; 

and treating the intermediate product according to FORMULA VII with a (Ci-C 4 )alcohoi to form a 
compound according to FORMULA I, wherein R2 is (Ci-COalkoxy. 

30 2. The process according to claim 1 for preparing a compound of the formula: 



35 



40 



45 




wherein Ri is hydrogen, phenyl or 0-0-ribofuranosyl; 
50 R2 is hydrogen, lower alkyl of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 

atoms; 

Y is -N= or-CH = ; 

2 is -N = or -CH = , with the proviso that Y and 2 are not identical. 

55 
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a The process according to claim 1 for preparing a compound of the formula: 




wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; and Ffe is hydrogen, lower alkyl of from 1 to 4 
carbon atoms, or lower alkoxy of from 1 to 4 carbon atoms. 

4. The process according to claim 1 for preparing the compounds (R)-7,8-dihydro-3-phenyl-8-(phenyl- 
methylJ-aH-diimidazotl.a-c^'.S^elpyrimidine, (S)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-3H-diimidazo- 
[1 ,2-c: 4\5'-e]pyrimidine, (S)-7,8-dihydrch3-(i3-i>-ribofuranosyl)-8-(phenylmethyl)-3H-diimidazo[1 ,2- 
c^.^-elpyrimidine, or (R)-7,8-dihydro-3-()S-D-ribofuranosyl)-8-(phenylmethyl)-3H-diimidazo[1,2-c:4^5 , - 
ejpyrimidine. 

5. The process according to claim 1 for preparing a compound of the formula: 



H3C 




wherein Ri is hydrogen, phenyl or /3-D-ribofuranosyl. 

6. The process according to claim 1 for preparing the compounds (R)-7,8-dihydro-8-(phenylmethyl)-1H- 
diimidazo[1 ,2-c:4\5*-e]pyrimidine. (S)-7,8-dihydro-8-(phenylmethyl)-1 H-diimidazo(1 ,2-c:4\5'-e}- 

pyrimidine, (R)-7,8Kiihydro-3-phenyl-8-(phenylmethyl)-5-propo 

or (S)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo [1 ,2-c:4\5'-e]pyrimidine. 
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The process according to claim 1 for preparing a compound of the formula: 




R 2 N N 



wherein R 2 is hydrogen, lower alkyl of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 
atoms; and Ri is hydrogen, phenyl or 0-D-ribofuranosyl. 

8. The process according to claim 1 for preparing a compound of the formula: 



H 3 C 




wherein Ri is hydrogen, phenyl or 0-0-ribofuranosyl. 

9. The process according to claim 1 for preparing the compounds (R)-2,7-dihydro-7-phenyl-2-(phenyh 
methyl)r5-propoxy-3H-imidazo[1,2-c]pyra20lo[4,3-e]pyrimidine f (S)-2,7-dihydro-7-phenyl-2-(phenyl- 
methyl)-5-propoxy-3H-imidazo [1 ,2-c]pyrazolo[4,3-e]pyrimidine, , (R)-2,7-dihydro-7-phenyl-2-(phenyl- 
methyl)-3H-imidazo[1,2-c]pyrazolo[4,5-e]pyrimidine, or (S)-2 1 7-dihydro-7-phenyl-2-(phenylmethyl)-3H- 
imidazo[1 .2-c]pyra20lo[4,5-e]pyrimidine. 
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10. The process according to claim 1 for preparing a compound of the formula: 



CH 3 




wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; and R 2 is hydrogen, lower alkyl of from 1 to 4 
carbon atoms or lower alkoxy of from 1 to 4 carbon atoms. 

11. The process according to claim 1 for preparing a compound of the formula: 



CH 3 



H 3 C 




wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl. 

12. The process according to claim 1 for preparing the compounds (2R-trans)-2,7-dihydro-2-methyl-3 t 7- 
diphenyl-5-propoxy-3H-imidazo[1,2-c]pyrazolo[4,3-e]pyrimidine, or (2S-trans)-2,7-dihydro-2-methy 1-3,7- 
diphenyl-5-propoxy-3H-imi dazo[1 t 2-c]pyrazolo[4,3-e]pyrimidine. 

13. A process for the preparation of a pharmaceutical composition comprising combining a compound as 
defined in any one of claims 1-12 with a pharmaceutical^ acceptable carrier. 
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Claims for the following Contracting State : GR 
1. A compound according to the formula I: 

M 

\ 



(CH 2 ) n 




wherein 

Ri is hydrogen, phenyl or /9-D-ribofuranosyl; 

Ffe is hydrogen, lower alkyl of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 
atoms; 

Y is -N = or -CH = ; 

Z is -N = or -CH = , with the proviso that Y and Z are not identical; 
n is an integer from 1 to 3; 
L is hydrogen or phenyl; and 

M is phenyl, except when L is phenyl, in which case M is hydrogen or a lower alkyl of from 1 to 3 
carbon atoms. 

2. A compound according to claim 1 of the formula: 




wherein Ri is hydrogen, phenyl or 0-D-ribofu'ranosyl; 

Ffe is hydrogen, lower alkyl of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 
atoms; 

Y is -N= or-CH = ; 

Z is -N = or CH = , with the proviso that Y and Z are not identical. 
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A compound according to claim 1 of the formula: 




wherein Ri is hydrogen, phenyl or £-D-ribofuranosyl; and Ra is hydrogen, lower alkyl of from 1 to 4 
carbon atoms, or lower alkoxy of from 1 to 4 carbon atoms. 

A compound according to claim 1 which is (R)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-3H-di!midazo[1 ,2- 
c:4\5'-e]pyrimidine, (S)-7,8-dihydro-3-phenyl-8-(phenylmethyl)-3H-diimidazo[1,2-c: 4 , ,5 , -e]pyrimidine, 
(S)-7,8<lihydro-3-0S-D-rtbofuranosyl)-8-(ph or (R)-7,8- 

dihydro-3-(0-D-ribofuranosyl)-8-(phenylmethyl)-3H-diimida2ot1 ^-crt'.S'-eJpyrimidine. 

A compound according to claim 1 of the formula: 



wherein Ri is hydrogen, phenyl or 0-0-ribofuranosyl. 

A compound according to claim 1 which is (R^.S-dihydro-S-tphenylmethyl^lH-diimidazoII^-c^'.S'-eh 
pyrimidine, (S)-7,8-dihydro-8-(phenylmethylHH^ (R)-7,8-dihydrcH3- 
phenyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo[1 ,2^:4\5'-e]pyrimidine, or (S)-7.8-dihydro-3-phenyl-8- 
(phenylmethyl)-5-propoxy-3H-diimidazo [1 ,2^:4\5'-e]pyrimidine. 
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7. A compound according to claim 1 of the formula: 




wherein Ffe is hydrogen, lower alky I of from 1 to 4 carbon atoms or lower alkoxy of from 1 to 4 carbon 
atoms; and Ri is hydrogen, phenyl or /3-0-ribofuranosyl. 

8. A compound according to claim 1 of the formula: 



H 3 C 




wherein Ri is hydrogen, phenyl or /3-0-ribofuranosyl. 

9. A compound according to claim 1 which is (R^.T-dihydro-y-phenyl^-tphenylmethylJ-S-propoxy-SH- 
imidazo[1,2-c]pyrazolo{4 f 3-e]pyrimidine, (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H-im- 
idazo [1 ,2-c]pyrazolo[4,3-e]pyrimidine, (R)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-3H-imidazo[1 ,2-c]- 
pyrazolo[4,5-e]pyrimidine, or (S^y-dihydro^-phenyl^phenylmethyl^H-imidazoII^-clpyrazoloKS- 
e]pyrimidine. 
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10. A compound according to claim 1 of the formula; 



CH 3 




wherein Ri is hydrogen, phenyl or /3-D-ribofuranosyl; and R 2 is hydrogen, lower alkyl of from 1 to 4 
carbon atoms or lower alkoxy of from 1 to 4 carbon atoms. 

11. A compound according to claim 1 of the formula: 



H 3 C 




wherein Ri is hydrogen, phenyl or £-D-ribofuranosyl. 

12. A compound according to claim 1 which is (2R-trans)-2,7-dihydro-2-methyl-3,7-diphenyl-5-propoxy-3H- 
imidazo[1,2-c]pyra2olo[4,3-e]pyrimidine, or (2S-trans)-2,7-dihydro-2-methyl-3,7-diphenyl-5-propoxy-3H- 
imidazo[1 ,2-c]py razolo[4,3-e]pyrimidine. 

1a A process for preparing a compound according to FORMULA I as defined in claim 1 which comprises: 
a) wherein R2 is hydrogen or lower alkyl, reaching a compound according to FORMULA II: 




FORMULA II 



wherein Ri is hydrogen, phenyl or £-0-ribofuranosyl; R2 is hydrogen or lower alkyl; Y is -N = or 
-CH = ; and Z is -N = or -CH = , with the proviso that Y and Z cannot be identical, with a compound 
according to FORMULA III: 
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HO' H ^ FORMULA III 

wherein n is an integer from 1 to 3; 

for a period of from 1 to 24 hours and at a temperature of from 25 *C to 140*C; to obtain the 
intermediate product according. to FORMULA IV; 




.(.CH 2 ), 




FORMULA IV 



wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; R2 is hydrogen or lower alkyl; Y is -N= or 
-CH = ; Z is -N = or -CH = ; with the proviso that Y and Z are not identical; and n is an integer from 1 
to 3; 

and treating the intermediate product according to FORMULA IV with an appropriate chlorinating 
agent, such as thionyl chloride, for a period of 1 to 24 hours at a temperature or from 25 • C to 
140*C; to obtain the product according to FORMULA I, wherein Ffe is hydrogen or lower alkyl; 
b) alternatively, wherein Ffe is (Ci-Cijalkoxy, reacting a compound according to FORMULA V: 




FORMULA V 



wherein R1 is hydrogen, phenyl or /3-Z>ribofuranosyl; Y is -N = or -CH = ; and Z is -N = or -CH = , 
with the proviso that Y and Z cannot be identical, with a compound according to FORMULA III above 
for a period of from 1 to 24 hours at a temperature of from 25 • C to 1 40 • C; 
to obtain the intermediate product according to FORMULA VI therefrom: 
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^(CH 2 ) n 




FORMULA VI 



wherein Ri is hydrogen, phenyl or 0-D-ribofuranosyl; Y is -N = or -CH = ; Z is -N = or -CH = , with 
the proviso that Y and Z are not identical; and n is an integer from 1 to 3; 

and treating the intermediate product according to FORMULA VI with an appropriate chlorinating 
agent, such as thionyl chloride, to produce a compound according to FORMULA VII: 




(CH 2 )n 

\ 

HC — M 




FORMULA VII 



Ri 



wherein Ri is hydrogen, phenyl of /3-Z>-ribofuranosyl; Y is -N = or -CH = ; Z is -N = or -CH = , with 
the proviso that Y and Z are not identical; and n is an integer from 1 to 3; 

and treating the intermediate product according to FORMULA Vil with a (Ci-COalcohol to form a 
compound according to FORMULA I, wherein R2 is (C1 -C* )alkoxy . 

14. A method for the preparation of a pharmaceutical composition comprising combining a compound as 
defined in any one of claims 1-12 with a pharmaceutical^ acceptable carrier. 
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Patentanspriiche 

Patentanspriiche fur folgende Vertragsstaaten : AT, BE, CH t DE, DK, FR, GB, IT, U, LU, NL, SE 

1. Verbindung gemaB Formel I 



M 

\ 



(CH 2 )a 
\ 



75 




, FORMEL I 



in der 

Ri ein Wasserstoffatom. eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; 

R2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
25 mit 1 bis 4 Kohlenstoffatomen ist; 
Y fur -N = oder -CH = steht; 

Z fur -N = oder -CH = steht, mit der MaBgabe, daB Y und Z nicht identisch sind; 
n eine ganze Zahl yon 1 bis 3 ist; 
L ein Wasserstoffatom oder eine Phenylgruppe ist; und 
30 M fur eine Phenylgruppe. steht, es sei denn, L ist eine Phenylgruppe, in welchem Fall M fdr ein 
Wasserstoffatom oder einen Niederalkylrest mit 1 bis 3 Kohlenstoffatomen steht. 

2. Verbindung nach Anspruch 1 mit der Formel 

35 



40 



45 




in der 

Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; 

R2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
55 mit 1 bis 4 Kohlenstoffatomen ist; 
Y fOr -N = oder -CH = steht; 

Z fOr -N = oder -CH = steht, mit der MaBgabe. daB Y und Z nicht identisch sind. 
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3. Verbindung nach Anspruch 1 mit der Formel 




N 
I 



in der 

Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; und 

Ffe fur ein Wasserstoffatom, einen Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder einen Niederal- 
koxyrest mit 1 bis 4 Kohlenstoffatomen steht. 

4. Verbindung nach Anspruch 1, namlich (R)-7,8-Dihydro-3-phenyl-8-(phenylmethyl)-3H-diimidazo[1.2- 
c^'.S'-eJpyrimidin, (S)-7,8-Dihydro-3-phenyl-8-(phenylmethyl)-3H-diimidazo[1,2-c:4 , ,5 , -e]pyrimidin, (S)- 
7,8-Dihydro-3-(0-D-ribofuranosyl)-8-(phenylm^ oder (R)-7,8- 
Dihydro-S-^-D-ribofuranosyO-e-fphenylmethyO-SH-diimidazofl^-ci^.S'-elpyrimidin. 

5. Verbindung nach Anspruch 1 mit der Formel 



in der Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist. 

Verbindung nach Anspruch 1, namlich (R^.S-Dihydrc^S-tphenylmethyl^lH-diimidazoII^-c^'.S'-eh 
pyrimidin, (S)-7,8-Dihydro-8-(phenylmethyl)-1 H-diimidazo[1 ^-c^'.S'-eJpyrimidin, (R)-7,8-Dihydro-3-phe- 
nyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo[1,2-c:4 , .5 , -e]pyrimidin oder (S)-7,8-Dihydro-3-phenyl-8- 
(phenylmethyl)-5-propoxy-3H-diimidazo[1 f 2-c:4 , ,5 , -e]pyrimidin. 




Ri 
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7. Verbindung nach Anspruch 1 mit der Formel 




N 



in der 

R2 ein Wasserstoffatom. ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen Oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist; und 

Ri fur ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe stent, 
a Verbindung nach Anspruch 1 mit der Formel 



in der Ri ein Wasserstoffatom, eine Phenyl- oder /3-D-Ribofuranosylgruppe ist 

9. Verbindung nach Anspruch 1, namlich (R)-2,7-Dihydr6-7-phenyl-2-(phehylmethyl)-5-propoxy-3H- 
imidazo[1,2-c]pyrazolo[4.3-e]pyrimidin, (S)-2,7-Dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H- 
imidazo[1 ,2-c]pyrazolo[4,3-e ]pyrimidin, (R)-2,7-Dihydro-7-phenyl-2-(phenylmethyl>-3H-imida20[1 ,2-c> 
pyrazolo[4,5-e]pyrimidin oder (S)-2,7-Dihydro-7-phenyl-2-(phenylmethyl)-3H-imida20[1,2-c]pyrazolo[4.5- 




e]pyrimidin. 
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10. Verbindung nach Anspruch 1 mit der Formel 



CH 3 




N 



in der 

Ri ein Wasserstoffatom, eine Phenyl- Oder 0-D-Ribofuranosylgruppe ist; und 

R 2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist. 

11. Verbindung nach Anspruch 1 mit der Formel 



in der Ri ein Wasserstoffatom, eine Phenyl- oder /3-D-Ribofuranosylgruppe ist. 

12. Verbindung nach Anspruch 1, namlich (2R-trans)-2 f 7-Dihydro-2-methyl-3,7-diphenyl-5-propoxy-3H- 
imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidin oder (2S-trans)-2,7-Dihydro-2-methyl-3,7-diphenyl-5-propoxy-3H- 
imidazo[1,2-c]pyrazol o[4,3-e]pyrimidin. 

13. Verbindung nach einem der Anspruche 1 bis 12 zur Verwendung als therapeutisches Mittel. 

14. Arzneimittel, umfassend eine Verbindung nach einem der Anspruche 1 bis 12 und einen physiologisch 
vertraglichen Trager. 

15. Verfahren zur Hersteilung einer Verbindung der FORMEL I, definiert gemaB Anspruch 1, 
umfassend 

a) wenn Ffe ein Wasserstoffatom oder ein Niederalkylrest ist, Umsetzung einer Verbindung der 
FORMEL II 




CH3 



38 



EP 0 390 111 B1 




in der Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; R2 ein Wasserstoff- 
atom oder ein Niederalkylrest ist; Y fOr -N = oder -CH = steht; und 2 fUr -N = oder -CH = stent, mit 
der MaBgabe, dafl Y und Z nicht identisch sein konnen, mit einer Verbindung gemaB FORMEL III 




FORMEL III 



in der n eine ganze Zahl von 1 bis 3 ist; 

uber eine Zeitspanne von 1 bis 24 Stunden und bei einer Temperatur von 25 *C bis 140*C. zu dem 
Zwischenprodukt der FORMEL IV 




FORMEL IV 



in der Ri ein Wasserstoffatom, eine Phenyl- oder /9-D-Ribofuranosylgruppe ist; R2 ein Wasserstoff- 
atom oder ein Niederalkylrest ist; Y fUr -N = oder -CH = steht; Z fur -N = oder -CH = steht, mit der 
Maflgabe, dafl Y und Z nicht identisch sind; und n eine ganze Zahl von 1 bis 3 ist; 
und Behandeln des Zwischenproduktes der FORMEL IV mit einem geeigneten Chlorierungsmittel, 
etwa Thionylchlorid, Uber eine Zeitspanne von 1 bis 24 Stunden bei einer Temperatur vdh 25 *C bis 
140 # C, wobei das Produkt gemaB FORMEL I erhalten wird, in der R2 ein Wasserstoffatom oder ein 
Niederalkylrest ist; 
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b) alternativ, wenn R 2 ein (Ci-CU)-Alkoxyrest ist, Umsetzung einer Verbindung gemaB FORMEL V 



CI 




FORMEL V 



in der Ri ein Wasserstoffatom, eine Phenyl- oder j3-D-Ribofuranosylgruppe ist; Y fur -N= oder 
-CH = steht; und 2 fur -N = oder -CH = steht, mit der Mafigabe, daB Y und Z nicht identisch sein 
konnen; 

mit einer Verbindung gemaB der vorstehenden FORMEL III uber eine Zeitspanne von 1 bis 24 
Stunden bei einer Temperatur von 25 e C bis 140*C, zu dem Zwischenprodukt der FORMEL VI 




FORMEL VI 



in der Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosytgruppe ist; Y fUr N = oder -CH = 
steht; Z fOr -N = oder -CH = steht, mit der MaBgabe, daB Y und Z nicht identisch sind; und n eine 
ganze Zahl von 1 bis 3 ist; 

und Behandeln des Zwischenproduktes der FORMEL VI mit einem geeigneten ChJorierungsmittel, 
etwa Thionyichlorid, wobei eine Verbindung gemaB der FORMEL VII 
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5 




(CH 2 ) n 

\ 



w 



15 




FORMEL VII 



Ri 



20 erhalten wird, in der Ri ein Wasserstoffatom, eine Phenyl- Oder 0-D-Ribofuranosylgruppe ist; Y fUr 

-N = oder -CH= steht; und Z RJr -N= Oder -CH= steht, mit der MaBgabe, daB Y und Z nicht 
identisch sind; und n eine ganze Zahl von 1 bis 3 ist; 

und Behandeln des Zwischenproduktes der FORMEL VII mit einem (Ci-CO-Alkohol, wobei eine 
Verbindung gemaB FORMEL I erzeugt wird, in der R2 ein (Ci-C*)-Alkoxyrest ist. 

25 

Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung einer Verbindung gemaB FORMEL I 



30 

M 

\ 

{CH 2 ) a 



35 



40 




FORMEL I 



45 

in der 

Rt ein Wasserstoffatom, eine Phenyl- Oder 0-D-Ribofuranosylgruppe ist; 

R2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist; 
50 Y fur -N = oder -CH = steht; 

Z fur -N = oder -CH = steht, mit der MaBgabe, daB Y und Z nicht identisch sein konnen; 

n eine ganze Zahl von 1 bis 3 ist; 

L ein Wasserstoffatom oder eine Phenylgruppe ist; und 

M far eine Phenylgruppe steht, es sei denn, L ist eine Phenylgruppe, in welchem Fall M fOr ein 
55 Wasserstoffatom oder einen Niederalkylrest mit 1 bis 3 Kohlenstoffatomen steht; 
und der pharmazeutisch vertraglichen Salze davon; 
umfassend 
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a) wenn R 2 ein Wasserstoffatom oder ein Niederalkylrest ist, Umsetzung einer Verbindung der 
FORMEL il 



CI 




FORMEL II 



in der Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; R 2 ein Wasserstoff- 
atom oder ein Niederalkylrest ist; Y fur -N = oder -CH = stent; und Z fur -N = oder -CH = stent, mit 
der MaBgabe, daB Y und Z nicht identisch sein konnen, mit einer Verbindung gemafi FORMEL III 




FORMEL III 



in der n eine ganze Zahl von 1 bis 3 ist, 

uber eine Zeitspanne von 1 bis 24 Stunden und bei einer Temperatur von 25 °C bis 140*C zu dem 
Zwischenprodukt der FORMEL IV 




FORMEL IV 



in der R t ein Wasserstoffatom, eine Phenyl- oder £-D-Ribofuranosylgruppe ist; R2 ein Wasserstoff- 
atom oder ein Niederalkylrest ist; Y fur -N = oder -CH = steht; Z fOr -N = oder -CH = stent, mit der 
MaBgabe, daB Y und Z nicht identisch sind; und n eine ganze Zahl von 1 bis 3 ist; 
und Behandeln des Zwischenproduktes der FORMEL IV mit einem geeigneten Chlorierungsmittel, 
etwa Thionylchlorid, uber eine Zeitspanne von 1 bis 24 Stunden bei einer Temperatur von 25 • C bis 
140*C, wobei das Produkt gemaB der FORMEL I erhalten wird, in der Fb ein Wasserstoffatom oder 
ein NiederaJkylrest ist; 
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b) alternativ, wenn Ffe ein (Ci-CO-Alkoxyrest ist. Umsetzung einer Verbindung gemaB FORMEL V 



CI 




FORMEL V 



in der Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; Y fUr -N = oder 
-CH = steht; und Z fur -N = oder -CH = stent, mit der Mafigabe, dafi Y und Z nicht identisch sein 
kSnnen, 

mit einer Verbindung gemaB der vorstehenden FORMEL III uber eine Zeitspanne von 1 bis 24 
Stunden bei einer Temperatur von 25'C bis 140 # C, zu dem Zwischenprodukt der FORMEL VI 





FORMEL VI 



in der Ri ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; Y fOr -N= oder 
-CH = steht; Z fOr -N = oder -CH = steht, mit der MaBgabe, daB Y und Z nicht identisch sihd; und n 
eine ganze Zahl von 1 bis 3 ist; 

und Behandeln des Zwischenproduktes der FORMEL VI mit einem geeigneten Chlorierungsmittel, 
etwa Thionylchlorid, wobei eine Verbindung gemaB FORMEL VII 
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(CH 2 )n 

\ 

HC — M 




FORM EL VII 



Ri 



erzeugt wird, in der Ri ein Wasserstoffatom, eine Phenyl- oder /3-D-Ribofuranosylgruppe ist; Y fur 
-N = oder -CH= steht; Z fur -N = oder -CH= steht, mit der MaBgabe, dafi Y und Z nicht identisch 
sind; und n eine ganze Zahl von 1 bis 3 ist; 

und Behandeln des Zwischenproduktes der FORMEL VII mit einem (Ci-C 4 )-Alkohol, wobei eine 
Verbindung gemaB FORMEL I erhalten wird, in der R 2 ein (Ci-CO-Alkoxyrest ist 

2. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel 



in der 

Ri ein Wasserstoffatom, eine Phenyl- oder /S-D-Ribofuranosylgruppe ist; 

R 2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist; 
Y fur -N = oder -CH = steht; 

Z fur -N = oder -CH = steht, mit der MaBgabe, daB Y und Z nicht identisch sind. 
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Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel 




in der 

Ri ein Wasserstoffatom, eine Phenyl- oder /3-D-Ribofuranosylgruppe ist; und 

R 2 fUr ein Wasserstoffatom, einen Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder einen Niederal- 
koxyrest mit 1 bis 4 Kohlenstoffatomen stent. 

4. Verfahren nach Anspruch 1 zur Herstellung der Verbindungen (R)-7 t 8-Dihydro-3-phenyl-8-(phenylme- 
thylJ-aH-diimidazoII^-c^.S'-elpyrimidin, (S)-7,8-Dihydro-3-phenyl-8-(phenylmethyl)-3H-diimidazo[1,2- 
c:4\5'-e]pyrirnidin, (S)-7,8-Dihydro-3-(;8-D-ribofuranosyl)-8-(phenylmethyl)-3H-<liimidazo[1 ^-c^'.S'-eh 
pyrimidin oder (R)-7,8-Dihydro-3-(j8-D-ribofuranosyl-)8-(ph^ 

pyrimidin. 

5. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel 



H 3 C 




Ri 



in der Ri ein Wasserstoffatom, eine Phenyl- oder £-D-Ribofuranosylgruppe ist. 

Verfahren nach Anspruch 1 zur Herstellung der Verbindungen (R)-7,8-Dihydro-8-(phenylmethyl)-1H- 
diimidazo[1,2-c:4 , ,5 , -e]pyrimidin, (S>-7,8-Dihydro-8-(phenylmethyl)-1H-diimidazo[1,2-c:4 , ,5 , -e]pyrimidin t 
(R)-7,8-Dihydro-3-phenyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo[1 ^-cr^'-ejpyrimidin oder (S)-7 ( 8- 
Dihydro-3-phenyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo[1 f 2^:4\5'-e]pyrimidin. 
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Verfahren nach Anspruch 1 zur Hersteliung einer Verbindung der Formel 




in der 

R2 ein Wasserstoffatom. ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen Oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist; und 

Ri fGr ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe steht. 
Verfahren nach Anspruch 1 zur Hersteliung einer Verbindung der Formel 



H 3 C 




in der R1 ein Wasserstoffatom, eine Phenyl- oder /3-D-Ribofuranosylgruppe ist. 

Verfahren nach Anspruch 1 zur Hersteliung der Verbindungen (R)-2,7-Dihydro-7-phenyl-2-(phenyfme- 
thyl)-5-propoxy-3H-imidazo[1,2-c]pyrazolo[4,3-e]pyrimidin, (S^y-Dihyd^-phenyl^-tphenylmethylJ-S- 
propoxy-3H-imidazo[1,2-c]pyrazoIo[4,3-e]pyrimidin, (R)-2,7-Dihydro-7-phenyl-2-(phenylmethyl)-3H- 
imidazo[1 ,2-c]pyrazolo[4,5-e]pyrimidin oder (S)-2,7-Dihydro-7-phenyl-2-(phenylmethyl)-3H-imidazot1 .2- 
c]pyrazolo[4,5-e]pyrimidin. 
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10. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel 



CH 3 




in der 

Ri ein Wasserstoffatom, eine Phenyl- oder /S-D-Ribofuranbsylgruppe ist; und 

Rs ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist 

11. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel 




in der Ri ein Wasserstoffatom, eine Phenyl- oder /S-D-Ribofuranosylgruppe ist. 

12. Verfahren nach Anspruch 1 zur Herstellung der Verbindungen (2R-trans)-2,7-dihydro-2-methyl-3,7- 
diphenyl-5-propoxy-3H-imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidin oder (2S-trans)-2,7-dihydro-2-methyl-3,7- 
diphenyl-5-propoxy-3H-imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidin. 

13. Verfahren zur Herstellung eines Arzneimittels, umfassend das Vereinigen einer wie in einem der 
AnsprOche 1 bis 12 definierten Verbindung mit einem pharmazeutisch vertraglichen TrSger. 
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Patentanspriiche fur folgenden Vertragsstaat : GR 



1. Verbindung gemafi Formel I 



M 

\ 



(CH 2 ) a 



\ 



HC— V N 




R 2 



N 
I 



FORMEL I 



in der 

Ri ein Wasserstoffatom, eine Phenyl- oder £-D-Ribofuranosylgruppe ist; 

R 2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist; 
Y fur -N = oder -CH = steht; 

Z fur -N = oder -CH = steht, mit der Mafigabe, daS Y und Z nicht identisch sind; 

n eine ganze Zahl von 1 bis 3 ist; 

L ein Wasserstoffatom oder eine Phenylgruppe ist; und 

M fur eine Phenylgruppe steht, es sei denn, L ist eine Phenylgruppe, in welchem Fall M fur ein 
Wasserstoffatom oder einen Niederalkylrest mit 1 bis 3 Kohlenstoffatomen steht. 

2. Verbindung nach Anspruch 1 mit der Formel 



in der 

Ri ein Wasserstoffatom, eine Phenyl- oder /S-D-Rlbofuranosylgruppe ist; 

R2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist; 
Y fur -N = oder -CH = steht; 

Z fur -N = oder -CH = steht, mit der MaBgabe, daB Y und Z nicht identisch sind. 
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a Verbindung nach Anspruch 1 mit der Forme! 



5 



10 



15 




Ri 



20 in der 

Ri ein Wasserstoffatom, eine Phenyl- Oder /3-D-Ribofuranosylgruppe tst; und 

R 2 fur ein Wasserstoffatom, einen Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder einen Niederal- 
kpxyrest mit 1 bis 4 Kohlenstoffatomen stent. 

25 4. Verbindung nach Anspruch 1, namlich (R)-7,8-Dihydro-3-phenyl-8-(phenylmethyl)-3H-diimidazo[1 ,2- 
c:4\5*-e]pyrimidin, (S)-7,8-Dihydro-3-phenyl-8-(phenylmethyl)-3H^iimidazo[1,2^:4\5 , -e]pyrimidin, (S)- 
7,8-Dihydrc>-3-(/3-D-ribofuranosyl)-8-(phenylmeth^ oder (R)-7,8- 

Dihydro-3-(/3-D-ribofuranosyl)-8-(phenylmethyl)-3H-diimidazo[1,2-c:4 , ,5 , -e]pyrimidin. 

30 5. Verbindung nach Anspruch 1 mit der Formel 



35 



40 



H 3 C 

45 




Ri 



in der Ri ein Wasserstoffatom. eine Phenyl- oder /3-D-Ribofuranosylgruppe ist. 

50 

6. Verbindung nach Anspruch 1, namlich (R^.S-Dihydro-B-tpheriylmethylJ-IH-diimidazotl^-c^'.S'-eJ- 
pyrimidin, (S)-7 f 8-Dihydro-8-(phenylmethyl)-1 H-diimidazo[1 ,2-c:4\5'-«]pyrimidin, (R)-7,8-Dihydro-3-phe- 
nyl-e^phenylmethyl^S-propoxy-SH-diimidazoII^-cr^.S'-elpyrimidin oder (S)-7,8-Dihydro-3-phenyl-8- 
(phenylmethyl)-5-propoxy-3H-diirnidazo[1 ^-c^'.S'-elpyrimidin. 

55 
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7. Verbindung nach Anspruch 1 mit der Formel 




in der 

R 2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohlenstoffatomen oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist; und 

Ri fur ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe stent, 
a Verbindung nach Anspruch 1 mit der Formel 



H 3 C 




in der Ri .ein Wasserstoffatom, eine Phenyl- oder /5-D-Ribofuranosylgruppe ist. 

9. Verbindung nach Anspruch 1, namlich (R)-2 f 7-Dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H- 
imidazo[1,2-c]pyra2olo[4,3-e]pyrimidin, (S)-2,7-Dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H- 
imidazo[1 .2-c]pyrazolo[4,3-e_]pyrimidin, (R)-2,7-Dihydro-7-phenyl-2-(phenylmethyl)-3H-imidazp[1 t 2-cy 
pyrazoio[4,5-e]pyrimidin oder (S)-2,7-Dihydro-7-phenyl-2-(phenylmethyl)-3H-imidazo[1,2-c]pyrazolo[4,5- 
e]pyrimidin. 
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10. Verbindung nach Anspruch 1 mit der Formal 



CH 3 . 




in der 

Ri ein Wasserstoffatom, eine Phenyl- Oder 0-D-Ribofuranosylgruppe ist; und 

R2 ein Wasserstoffatom, ein Niederalkylrest mit 1 bis 4 Kohfenstoffatomen Oder ein Niederalkoxyrest 
mit 1 bis 4 Kohlenstoffatomen ist. 

11. Verbindung nach Anspruch 1 mit der Forme! 



CH3 



H 3 C 




in der R1 ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist. 

12. Verbindung nach Anspruch 1, namlich (2R-trans)-2 t 7-Dihydro-2-methyl-3 ( 7-diphenyl-5-propoxy-3H- 
imidazo[1 f 2-c]pyrazolof4 f 3-e]pyrimidin Oder (2S-trans)-2,7-dihydro-2-methyl-3 > 7-diphenyl-5-propoxy-3H- 
imidazo[1 ,2-cJpyrazol o[4,3-e]pyrimidin. 

13. Verfahren zur Herstellung einer Verbindung der FORMEL I, definiert gemaB Anspruch 1 , 
umfassend 

a) wenn R2 ein Wasserstoffatom oder ein Niederalkylrest ist, Umsetzung einer Verbindung der 
FORMEL II 




FORMEL II 



in der R, ein Wasserstoffatom, eine Phenyl- oder /3-D-Ribofuranosylgruppe ist; R2 ein Wasserstoff- 
atom oder ein Niederalkylrest ist; Y fur -N = oder -CH = steht; und Z fur -N = oder -CH = steht. mit 
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der MaBgabe, daB Y und Z nicht identisch sein konnen, mit einer Verbindung gemaB FORMEL III 




FORMEL III 



in der n eine ganze Zahl von 1 bis 3 ist; 

uber eine Zeitspanne von 1 bis 24 Stunden und bei einer Temperatur von 25 *C bis 140'C, zu dem 
Zwischenprodukt der FORMEL IV 




FORMEL IV 



in der Ri ein Wasserstoffatom, eine Phenyl- Oder /3-D-Ribofuranosylgruppe ist; R2 ein Wasserstoff- 
atom Oder ein Niederalkylrest ist; Y fUr -N = oder -CH = steht; Z fQr -N = Oder -CH = steht, mit der 
MaBgabe, daB Y und Z nicht identisch sind; und n eine ganze Zahl von 1 bis 3 ist; 
und Behandeln des Zwischenproduktes der FORMEL IV mit einem geeigneten Chlorierungsmittel, 
etwa Thionylchlorid, Uber eine Zeitspanne von 1 bis 24 Stunden bei einer Temperatur von 25 bis 
140*C, wobei das Produkt gemaB FORMEL I erhalten wird, in der R2 ein Wasserstoffatom bder ein 
Niederalkylrest ist; 

b) alternativ, wenn R2 ein (Ci-C 4 )-Alkoxyrest ist, Umsetzung einer Verbindung gemaB FORMEL V 



CI 




FORMEL V 



in der R1 ein Wasserstoffatom, eine Phenyl- oder 0-D-Ribofuranosylgruppe ist; Y fur -N= oder 
-CH= steht; und Z fur -N= oder -CH = steht, mit der MaBgabe, daB Y und Z nicht identisch sein 
konnen; 

mit einer Verbindung gemaB der vorstehenden FORMEL III uber eine Zeitspanne von 1 bis 24 
Stunden bei einer Temperatur von 25- C bis 140* C, zu dem Zwischenprodukt der FORMEL VI 
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HO 




FORMEL VI 



Ri 



in der Ri ein Wasserstoffatom, eine Phenyl- oder /3-D-Ribofuranosylgruppe ist; Y fur -N= oder 
-CH= steht; Z fur -N= oder -CH = steht, mit der MaBgabe, daS Y und Z nicht identisch sind; und n 
eine ganze Zahl von 1 bis 3 ist; 

und Behandeln des Zwischenproduktes der FORMEL VI mit einem geeigneten Chlorierungsmittel, 
etwa Thionylchlorid, wobei eine Verbindung gemaB der FORMEL VII 



erhalten wird, in der Ri ein Wasserstoffatom, eine Phenyl- oder £-D-Ribofuranosylgruppe ist; Y fur 
-N- oder -CH = steht; Z fur -N= oder -CH= steht, mit der MaBgabe, daB Y und Z nicht identisch 
sind; und n eine ganze Zahl von 1 bis 3 ist; 

und Behandeln des Zwischenproduktes der FORMEL VII mit einem (Ci-C-O-Alkohol, wobei eine 
Verbindung gemaB FORMEL I erzeugt wird, in der R2 ein (Ci -C 4 )-Alkoxy rest ist. 

Verfahren zur Herstellung eines Arzneimittels, umfassend das Vereinigen einer wie in einem der 
Anspruche 1 bis 12 definierten Verbindung mit einem pharmazeutisch vertraglichen Trager. 




(CH2)- n 
\ 
EC - 




FORMEL VII 
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Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. Compose de formule (I): 

M 

\ 

(CH 2 ) n 



\ 




Formule ( I ) 



dans laquelie Ri represente un atome d'hydrogene. un groupe phenyle ou /S-D-ribofuranosyle; R 2 
represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur de 1 a 4 atomes de carbone; Y represente -N = ou -CH = ; Z represente -N = 
ou -CH = , a la condition que Y et Z ne soient pas identiques; n est un entier de 1 a 3, L represente un 
atome d'hydrogene ou un groupe phenyle; M represente un groupe phenyle, sauf quand L represente 
un groupe phenyle, et, dans ce cas, M represente un atome d'hydrogene ou un groupe alkyle inferieur 
de 1 a 3 atomes de carbone. 



2. Compose, selon la revendication 1 , de formule: 




dans laquelie Ri represente un atome d'hydrogene, un groupe phenyle ou /S-D-ribofuranosyle; R2 
represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur de 1 a 4 atomes de carbone; Y represente -N = ou -CH = ; Z represente -N = 
ou -CH = , a la condition que Y et Z ne soient pas identiques. 
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3. Compost, selon la revendication 1 , de formula: 




dans laquelle Rt repr^sente un atome d'hydrogene, un groupe phenyle ou /3-D-ribofuranosyle; R2 
represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur de 1 a 4 atomes de carbone. 

4. Composes, selon la revendication 1, qui sont (R)-7,8<lihydro-3-phenyl-8~(phenylm 
[1,2^:4\5 , -e]pyrimidine,(S)-7 > 8-dihydro-3-phenyl-8-(phenylmethv 

(S)-7£<Hhydro-3-(/^r>ribofuranosyl)-8-^ ou (R)-7,8- 

dihydro-3-03-D-ribofuranosyl)-8-(phe^ylme^hyl)^^ . 

5. Compose, selon la revendication 1 , de formule: 



H 3 C 




dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou /3-D-ribofuranosyle. 

6. Composes, selon la revendication 1, qui sont (R)-7,8^ihydro-8-(phenylmethylHH^ 

eJpyrimidine,(S)-7,8<lihydrcH8(phenylme^^ (R)-7,8-dihydro-3- 
ph^nyl-8-{phenylmethyl>-5-propoxy-3H-diimidazot 1 ^-ctf'.S'-eJpyrimidine ou (S)-7,8-dihydro-3-phenyl-8- 
(ph^nylrn^thyl)-5-propoxy-3H<liimida20[1,2-c:4',5'-e]pyrimidine 
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Compose, selon la revendication 1 , de formule: 




R 2 N N 

dans laquelle R 2 represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de 
carbone ou un groupe alcoxy inferieur de 1 a 4 atomes de carbone; Ri represente un atome 
d'hydrogene, un groupe phenyle ou /3-D- ribofuranosyle. 

8. Compose, selon la revendication 1, de formule: 




Ri 



dans laquelle Ri represente un atome d f hydrogene, un groupe phenyle ou /3-D-ribofuranosyle. 

9. Composes, selon ia revendication 1, qui sont (R)-2,7-dihydro-7-ph6nyl-2-(phenylm6thyl)-5-propoxy-3H- 
imidazo[1,2-c]pyra20lo[4 l 3-e]pyrimidine, (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-5-propoxy-3H- 
imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidine, (R)-2 t 7-dihydro-7-phenyl-2-(pheny Imethy l)-3H-imidazo[1 ,2-cJ- 
pyrazolo-[4,5-e]pyrimidine ou (S)-2,7-dihydro-7-phenyl-2-(phenylmethyl)-3H-imidazo[1 ,2-c:]pyrazolo[4,5- 
ejpyrimidine . 
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10. Compose, selon la revendication 1, de formule: 



CH 3 . 




Hi 



dans laquelle Ri repr£sente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; R 2 
represente un atome d'hydrogene , un groupe alkyle infeVieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy infeVieur de 1 a 4 atomes de carbone. 

11. Compose^ selon la revendication 1, de formule: 



CH 3 




dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou ribofuranosyle. 

12. Composes, selon la revendication 1, qui sont (2R-trans))-2 f 7-dihydro-2-m6thyl-3,7-diph6nyl-5-propoxy- 
3H-imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidine ou (2S-trans))-2,7-dihydro-2-m6thyl-3,7-diph6nyl-5-propoxy- 
3H-imidazo[1 ,2c]pyrazolo[4,3-e]pyrimidine. 

13. Compost, selon i'une quelconque des revendications 1 a 12, pour une utilisation en tant qu'agent 
the*rapeutique. 

14. Composition pharmaceutique comprenant un compost selon Tune quelconque des revendications 1 a . 
12 et un support physiologiquement acceptable. 

15. Proc£d6 de preparation d'un compost, de formule (I) telle que d^finie dans la revendication 1, lequel 
comprend: 

a) quand Ffe represente un atome d'hydrogene ou un groupe alkyle inferieur, la reaction d'un 
compost de formule (II): 
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dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; R2 
represente un atome d'hydrogene ou un groupe alkyle inferieur; Y represente -N= ou -CH = ; Z 
represente -N= ou -CH = , a la condition que Y et Z ne puissent pas etre identiques, avec un 
compose de formule (III): 




Formule (III) 



dans laquelle n est un entier de 1 a 3; pendant un temps de 1 a 24 heures, a une temperature de 
25 °C a 140 e C pour obtenir le produit intermediate de formule (IV): 




dans laquelle R1 represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; Ffe 
represente un atome d'hydrogene ou un groupe alkyle inferieur; Y represente -N = ou -CH = ; Z 
represente -N = ou -CH = , a la condition que Y et Z ne soient pas identiques et n est un entier de 1 
a 3; puis le traitement du produit intermediate de formule (IV) par un agent de chloruration 
approprie, tel que le chlorure de thionyle, pendant 1 a 24 heures, a une temperature de 25 *C a 
140*C, pour obtenir le produit de formule (I), dans laquelle R2 represente un atome d'hydrogene ou 
un groupe alkyle inferieur; 

b) En variante, quand R2 represente un groupe alcoxy en Ci-C*. la reaction d'un compose de 
formule (V): 
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Formule (V) 



dans laquelle Ri repr£sente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; Y 
represente -N = ou -CH = ; Z represente -N = ou -CH = , a la condition que Y et Z ne puissent pas 
etre identiques avec un compose* de formule (III) pendant 1 a 24 heures, a une temperature de 
25 *C a 140*C, pour obtenir le produit intermediate de formule (VI) : 




(CS 2 ) a 




N 
I 

*1 



Formule (VI) 



dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; Y 
represente -N= ou -CH = ; Z represente -N = ou -CH = , a la condition que Y et Z ne soient pas 
identiques et n est un entier de 1 a 3; et le traitement du produit intermediate de formule (VI) par un 
agent de chloruration approprie\ tel que le chlorure de thionyle, pour donner un compost de formule 
(VII): 




Formule (VII) 



dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou /3-D-ribofuranosyle; Y 



59 



EP 0 390 111 B1 



represente -N = ou -CH = ; Z represente -N = ou -CH = , a la condition que Y et Z ne soient pas 
identiques et n est un entier de 1 a 3; et le traitement du produit intermediate de formule (VII) par 
un alcool en Ci -C* pour obtenir un compose de formule (I), dans laquelle R2 represente un groupe 
alcoxy en C1-C*. 



Revendications pour I'Etat contractant suivant : ES 

1. Procede de preparation d'un compose de formule (I): 



M 

\ 



(CE 2 )a 




Formule ( I ) 



dans laquelle R1 represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; Fb 
represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur de 1 a 4 atomes de carbone; Y represente -N = ou -CH = ; Z represente -N = 
ou -CH = , a la condition que Y et Z ne puissent pas etre identiques; n est un entier de 1 a 3, L 
represente un atome d'hydrogene ou un groupe phenyle; M represente un groupe phenyle, sauf quand 
L represente un groupe phenyle, et dans ce cas, M represente un atome d'hydrogene ou un groupe 
alkyle inferieur de 1 a 3 atomes de carbone; et les sels pharmaceutiquement acceptables de ceux-ci, 
lequel comprend: 

a) quand R2 represente un atome d'hydrogene ou un groupe alkyle inferieur, la reaction d'un 
compose de formule (II): 




dans laquelle R1 represente un atome d'hydrogene, un groupe phenyle ou /3-D-ribofuranosyle; R2 
represente un atome d'hydrogene ou un groupe alkyle inferieur; Y represente -N= ou -CH = ; Z 
represente -N= ou -CH = , a la condition que Y et Z ne puissent pas etre identiques, avec un 
compose de formule (III): 
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Formule (III) 



dans laquelle n est un entier de 1 a 3; pendant un temps de 1 a 24 heures, aHjne temperature de 
25 * C a 140 • C pour obtenir le produit intermediate de formule (IV): 




Formule (IV) 



dans laquelle Ri repr§sente un atome d'hydrogene. un groupe phenyle ou /S-D-ribofuranosyle; R2 
repr^sente un atome d'hydrogene ou un groupe alkyle inf^rieur; Y repr£sente -N= ou -CH = ; Z 
repr£sente -N = ou -CH = , a la condition que Y et Z ne sotent pas identiques et n est un entier de 1 
a 3; puis le traitement du produit intermediate de formule (IV) par un agent de chloruration 
approprie\ tel que le chlorure de thionyle, pendant 1 a 24 heures, a une temperature de 25 *C a 
140 # C, pour obtenir le produit de formule (I), dans laquelle R2 repre*sente un atome d'hydrogene ou 
un groupe alkyle infeYieur; 

b) En variante, quand R2 repr^sente un groupe alcoxy en Ci-C*. la reaction d'un compost de 
formule (V): 



CI 




(Formule V) 



dans laquelle Rt represente un atome d'hydrogene, uh groupe phenyle ou /9-D-ribofuranosyle: Y 
repr^sente -N = ou -CH.= ; Z represente -N= ou -CH = , a la condition que Y et Z ne puissent pas 
etre identiques, avec un compose* de formule (ill) ci-dessus. pendant 1 a 24 heures, a une 
temperature de 25 *C a 140*C. pour obtenir le produit intermediate de formule (VI) : 
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Formule (VI) 



dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; Y 
represente -N= ou -CH = ; Z represente -N= ou -CH = , a la condition que Y et Z ne soient pas 
identiques et n est un entier de 1 a 3; et le traitement du produit intermediate de formule (VI) par un 
agent de chloruration approprie, tel que le chlorure de thionyle, pour donner un compose de formule 
(VII): 




Formule (VII) 



Rl 



dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; Y 
represente -N = ou -CH = ; Z represente -N = ou -CH = , a la condition que Y et Z ne soient pas 
identiques, n est un entier de 1 a 3; et le traitement du produit intermediate de formule (VII) par un 
alcool en Ci-C* pour obtenir un compose de formule (I), dans laquelle R2 represente v un groupe 
alcoxy en C1-C*. 
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2. Procede, selon la revendication 1. de preparation d'un compose de formule: 




dans laquelle Ri represents un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; R2 
represente un atome d'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur de 1 a 4 atomes de carbone. Y represente -N = ou -CH = ; 2 represente -N = 
ou -CH = , a la condition que Y et Z ne soient pas identiques. 

3. Procede, selon la revendication 1 , de preparation d'un compose de formule: 




dans laquelle Ri represente un atome d'hydrogene, un groupe phdnyle ou /8-D-ribofuranosyle; R2 
represente un atome d'hydrogene ou un groupe alkyle inferieur- de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur de 1 a 4 atomes de carbone. 

4. Procede, selon la revendication 1, de preparation des composes (R)-7 t 8-dihydro-3-phenyl-8-(phenylme- 
thyl)-3H-diimidazo[1 ,2-c:4\5'^^ 

c:4\5'-e]pyrimidine t (S)-7,8-dihydro-3-(/8-D-ribofuranosyl)-8-(^ 
pyrimidine ou (R)-7 f 8-dihydro-3-(/S-D<ibofuranosyl)-8~(p^ 
pyrimidine. 
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Procede, selon la revendication 1 , de preparation d'un compose de formule: 



H 3 C 




dans laquelle Ri represente un atome d'hydrogene, un groupe ph^nyle ou /3-D-ribofuranosyle. 

6. Procede, selon la revendication 1, de preparation des composes (R)-7,8-dihydro-8-(phenylmethyl)-1H- 
diimidazo[1 ,2-c:4' ,5'-e]pyrimidine. (S)-7,8-dihydro-8-(phenylmethyl)-1 H-diimidazo[1 f 2-c:4 , ,5'-^- 
pyrimidine, (R)-7,8-dihydro-3-phenyl-8-(phenylm^ 

ou (S)-7,8^ihydro-3-phenyl-8-(phenylme^hy^ 

7. Procede, selon la revendication 1, de preparation d'un compose de formule: 



dans laquelle R2 represente un atome d'hydrogene, un groupe alkyle tnferieur de 1 H atomes de 
carbone ou un groupe alcoxy inferieur de 1 a 4 atomes de carbone et R1 represente un atome 
d'hydrogene, un groupe phenyle ou /8-D-ribofuranosyle. 




Ri 
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8. Procede, selon la revendication 1 , de preparation d*un compose de formule: 



H 3 C 




dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle. 

9. Procede, selon ta revendication 1 , de preparation des composes (R)-2,7-dihydro-7-ph^nyl-2-(ph6nylme- 
thyi)-5-propoxy-3H-imidazo[1,2-c]pyrazo!o[4,3-e]pyrimidine f (S)-2,7-dihydro-7-ph^nyl-2-(phenylmethyl)- 
5-propoxy-3H-imidazo[1 ,2-c]pyrazolo-[4.3-e]pyrimidi ne, (R)-2.7<Jihydro-7-phenyl-2-(phenylmethyi)~3H- 
imidazo[1 .2-c]pyrazolo[4,5-e]pyrimidine ou (S)-2,7-dihydro-7-phenyl-2-(ph§nylm4thy l)-3H-imidazo[1 ,2- 
c]pyrazolo-[4,5-e]pyrjmidine. 

10. Procede, selon la revendication 1, de preparation d'un compose* de formule: 



CH3 




dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou 0-D-ribofuranosyle; R2 
represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur del ^4 atomes de carbone. 
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11. Procede, selon la revendication 1, de preparation d'un compose de formule: 




dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou /S-D-ribofuranosyle. 

12. Process, selon la revendication 1, de preparation des composes (2R-trans))-2,7-dihydro-2-methyl-3,7- 
diphenyl-5-propoxy-3H-imidazo[1 l 2-c]pyra2olo[4 f 3-e]pyrimidine ou (2S-trans)-2,7-dihydro-2-methyl-3,7- 
diphenyl-5-propoxy-3H-imidazo[1 ,2c]pyrazolo[4,3-e]pyrimidine. 

13. Procede de preparation d'une composition pharmaceutique comprenant la combinaison d'un compose, 
tel que defini dans Tune quelconque des revendications 1 a 12, avec un support pharmaceutiquement 
acceptable. 

Revendications pour I'Etat contractant suivant : GR 

1. Compose de formule (I): 

M 

\ 

(CH 2 ) n 



\ 




Formule ( I ) 



dans laquelle Ri represente un atome d'hydrogene, un groupe ph£nyle ou 0-D-ribofuranosyle; R 2 
represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy inferieur de 1 a 4 atomes de carbone; Y represente -N = ou -CH = ; Z represente -N = 
ou -CH = , a la condition que Y et Z ne soient pas identiques; n est un entier de 1 a 3, L represente un 
atome d'hydrogene ou un groupe phenyle; M represente un groupe phenyie, sauf quand L represente 
un groupe phenyle, et dans ce cas, M represente un atome d'hydrogene ou un groupe alkyle inferieur 
del a 3 atomes de carbone. 
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2. Compost, selon la revendication 1 , do formula: 




dans laquolle R1 repnSsente un atome d'hydrogene, un groupe ph^nyle ou 0-D-ribofuranosyle; Rz 
represent© un atome d'hydrogeno, un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy infeVieur de 1 a 4 atomes de carbone; Y reprSsente -N = ou -CH = ; Z represente -N = 
ou -CH = , a la condition que Y et Z ne soient pas identiques. 

3. Compost, selon la revendication 1, de formule: 



dans laquelle Ri represente un atome d'hydrogene, un groupe ph6nyle ou /9-D-ribofuranosyle; R2 
represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de carbone pu un 
groupe alcoxy infeYieur de 1 a 4 atomes de carbone. 

Composes, selon la revendication 1, qui sont (RK f 8<JihydrcH3-phe^yl-8-(phe^yl^ 
[1,2^:4\5 , -e]pyrimidine,(S)-7,a-dihydro-3-ph6nyl^(phenylmeth 

(S)-7,8Klihydro-3-(^-[>ribofurajiosyl)-8-(ph6nylm6thyl)«3H-diimida2o[1 ,2-c:4\5'-e]pyrimidine ou (R)-7,8- 
dihydro-3-(0-DHibofuranosyl)^-(ph 




c 
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5. Compose, selon la revendication 1, de formule: 



H 3 C 




dans laquelle Ri represents un atome d'hydrogene, un groupe phenyle ou £-D-ribofuranosyle. 

6, Composes, selon la revendication 1, qui sont (R)-7,8-dihydro-8-(phenylmethyl)-1H-diimidazo[1 ,2-0:4* ,5'- 
e]pyrimidine,(S)-7,8KJihydro-8-(phenylmethyl)-1H-diimidazo[1,2-c (R)-7,8-dihydro-3- 
phenyl-8-(phenylmethyl)-5-propoxy-3H-diimidazo [1 ^^S'-eJpyrimidine ou (S)-7,8-dihydro-3-phenyl-8- 
(phenylmethyl^S-propoxy-SH-diimidazotl^-c^'.S'-elpyrimidine 

7. Compose, selon la revendication 1, de formule: 




Ri 



o 

dans laquelle R 2 represente un atome d'hydrogene, un groupe alkyle inferieur de 1 a 4 atomes de 
carbone ou un groupe alcoxy inferieur de 1 a 4 atomes de carbone; Ri represente un atome 
d*hydrogene, un groupe phenyle ou 0-D- ribofuranosyle. 



68 



EP 0 390 111 B1 

8. Compose, selon la revendication 1 , de formule: 



H 3 C 




Ri 



dans laquelle Ri represente un atome d'hydrogene, un groupe phgnyle ou 0-D-ribofuranosyle. 

9. Composes, selon la revendication 1, qui sont (R)-2,7-dihydro-7-ph^nyl-2-(ph6nylm§thyl)-5-propoxy-3H- 
imida2o[1,2-c]pyrazolo[4,3-e]pyrimidine, (S)-2,7-dihydro-7-ph6nyl-2-(phdnylm§thyl)-5-propoxy-3H- 
imidazo[1 ,2-c]pyrazolo[4,3-e]pyrimidine, (R)-27-dihydro-7-ph^nyl-2-(phenylmethyl)-3H-imidazo[1 ,2-cJ- 
pyrazolo-[4,5-e]pyrimidine ou (S)-2y-dihydro-7-phdnyl-2-(ph6nylmethyl)-3H-imidazo[1 ,2-c:]pyrazolo[4,5- 
e]pyrimidine . 

10. Compose, selon la revendication 1, de formule: 




dans laquelle Ri represente un atome d'hydrogene, un groupe ph£nyle ou /3-D-ribofuranosyle; R2 
represente un atome d'hydrogene , un groupe alkyle inferieur de 1 a 4 atomes de carbone ou un 
groupe alcoxy infeVieur de 1 a 4 atomes de carbone. 
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11. Compose, selon la revendication 1, de formule: 

CH 3 



10 




15 



20 



25 



dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou 0-D- ribofuranosyle. 

12 Composes, selon la revendication 1. qui sont (2R-trans))-2,7-dihydro-2-methyl-3,7-diph^ny|.5-propoxy- 
3H-imida2o[1,2-c]pyrazolo[4,3-elpyrimidine ou (2S-trans))-2,7-d«hydro-2-methyl-3.7-diphenyl-5-propoxy- 
3H-imidazo[1,2c3pyrazolo[4,3-e]pyrimidine. 

13. Procede de preparation d'un compose de formule (I), telle que definie dans la revendication 1, lequel 

°° af quand R 2 represente un atome d'hydrogene ou un groupe alkyle inferieur, la reaction d'un 
compose de formule (II): 



30 



35 



40 



45 



50 




Formule (II) 



dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou ^D-nbofuranosyle; R* 
represente un atome d'hydrogene ou un groupe alkyle inferieur; Y represente -N- ou -CH-, L 
represente -N= ou -CH = , h la condition que Y et Z ne puissent pas etre identiques, avec un 
compost de formule (III): 




CH 2 ) a 



Formule (III) 



S 2 N 



dans laquelle n est un entier de 1 a 3; pendant un temps de 1 a 24 heures, a une temperature de 
25'C a 140*C pour obtenir le produit intermediaire de formule (IV): 
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Formule (IV) 



dans laquelle Ri represents un atome d'hydrogene, un groupe phenyle ou /S-D-ribofurahosyle; Ffe 
represente un atome d'hydrogene ou un groupe alkyle infeVieur; Y represents -N = ou -CH = ; Z 
represente -N = ou -CH = , a ta condition que Y et 2 ne soient pas identiques et n est un entier de 1 
a 3; puis le traitement du produit intermediate de formule (IV) par un agent de chloriiration 
approprie, tel que le chlorure de thionyle, pendant 1 a 24 heures, a une temperature de 25 *C a 
140'C, pour obtenir le produit de formule (I), dans laquelle Fb represente un atome d'hydrogene ou 
un groupe alkyle inferieur; 

b) En variante, quand R2 represente un groupe alcoxy en C1-C+, la reaction d'un compose de 
formule (V): 



CI 




Formule (V) 



Hi 



dans laquelle R1 represente un atome d'hydrogene, un groupe ph£nyle ou 0-D-ribofuranosyle; Y 
represente -N = ou -CH = ; Z represente -N = ou -CH = , a la condition que Y et Z ne puissent pas 
§tre identiques, avec un compose de formule (III) ci-dessus, pendant 1 a 24 heures, a une 
temperature de 25 # C a 140 •C, pour obtenir le produit intermediate de formule (VI) : 
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dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou jS-D-ribofuranosyle; Y 
20 represente -N = ou -CH = ; Z represente -N = ou -CH = , a la condition que Y et Z ne soient pas 

identiques , n est un entier de 1 a 3; et le traitement du produit intermediate de formule (VI) par un 
agent de ch loru ration approprie, tel que le chlorure de thionyle, pour donner un compose de formule 
(VII): 

25 



30 



35 



40 




Formule (VII) 



dans laquelle Ri represente un atome d'hydrogene, un groupe phenyle ou /3-D-ribofuranosyle; Y 
45 represente -N = ou -CH = ; Z represente -N = ou -CH = , a la condition que Y et Z ne soient pas 

identiques , n est un entier de 1 a 3; et le traitement du produit intermediate de formule (VII) par un 
alcool en C1-C4 pour obtenir un compose de formule (I), dans laquelle R2 represente un groupe 
alcoxy en C1 -C4 - 

50 14. Methode de preparation d'une composition pharmaceutique comprenant la combinaison d'un compose, 
tel que defini dans Tune quelconque des revendications 1 a 12, avec un support pharmaceutiquement 
acceptable. 
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